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PREFATORY NOTE TO THE SECOND EDITION. 



In the Second Edition of this Handbook I have endeavoured to 
introduce a succinct account of the more recent Histological 
Methods. Most of these I have tested, a matter of no incon- 
siderable labour. The fruitful methods of Golgi, Ram6n y Cayal, 
and Ehrlich are fully set forth in the text 

I have availed myself freely of the Journals and Text-books 
published at home and abroad, and more especially useful to me 
have been the works of Garbini and Ramon y CayaL For most of 
the additional illustrations I am indebted to the Geioehelelire of 
Schiefferdecker and Kossel. 

In conclusion, I have to thank my Senior Demonstrator, James 
A. Menzies, M.B., CM., for assistance in reading the proof-sheets. 

WILLIAM STIRLING. 



Physiological Laboratory, The Owens CoLLEaE, 

Manchester, 
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Thb present work was written primarily to meet the wants of 
the students attending the course of instruction in "Practical 
Histology" in The Owens College, but it is hoped that it will 
be found useful also to students of medicine and science in other 
colleges and universities. 

The Exercises printed in small type are intended for Senior 
Students, and for those attending the course of "Advanced 
Histology " given in The Owens College. 

Although a drawing accompanies almost every exercise, still 
this is not intended to relieve the student from what is a most 
important part of the training in Practical Histology, viz., that 
the student should make sketches of his preparations. It serves 
very little useful purpose to give students sections ready pre- 
pared, and ask them merely to mount them. Hence, consider- 
able stress has been laid on methods, as a knowledge of these is, 
after all, one of the most important parts of a practical training 
in Histology. Many methods have been tried and found wanting, 
and accordingly those only are introduced which the author, after 
experiment, has found to be reliable. 

The author is indebted to the various Manuals of Histology 
published in this country, and also to those of Friedlander and 
Eberth, Stohr, Fol, Kolliker, Martinotti, Francotte, Bolles Lee 
and Henneguy, Orth, and Edinger, as well as the various Micro- 
scopical Journals, British and Foreign. 

Most of the illustrations have been drawn from microscopical 
preparations made in the class of Practical Histology, but a few 
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of them are taken from preparations kindly presented to me by 
my friend Professor Swaen of Liege. I am greatly indebted to 
my demonstrator, Arthur Clarkson, M.B., CM., for a considerable 
number of the drawings, and also to my pupil, Mr. C. K M. Lowe, 
for similar services. A few of the drawings were made by myself. 
To F. W. Stansfield, M.B., Ch.B. (Vict.), my thanks are due for 
assistance in reading the proof-sheets. 

I have also to express my obligations to several scientific in- 
strument makers and others, including Messrs. Zeiss, Uartnack, 
Verick, Leitz, Reichert, Jung, Ilicks, Eternod, Zimmermann, 
Hume, Beck, Swift & Son, Gardner, and A. Eraser. 

Einally, I have to thank my publishers for the liberal manner 
in which the work is iUustrattnl. 

WILLLA31 STIRLING. 



Phy8iologi(;al Laboratory, Thb Owens College, 

Mancuestkb, 
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-APPARATUS REQUIRED. 



The Btudeiit of Pr^eticiil Histology rauet bo provided with tlio 
fullciwiiii,' apparatus: — 

1. A Compound Achromatic Microscope capable of mnguify- 
ing from about 50 to 300 or 450 diametera linear. 

2. Glass Slides. — The moat convenient size is 3 incJies by i 
inch (or 76 x z6 mm.), with ground eilgea nmde of the best 
flatted crown-glass. About two gross will he required (fig. 1 ). 



It is convenient to hnve two dozen n 
by 1^ iuehcH, 
3.'Cover.^la8Bes.— Somo 1 




Vio. 1.— Square ruid Konnd Cf 



in of ii larger size, 3 iuclies 
e and others circular (lig. 2). 

00 



The student should I» provided with both sorts. Keep the square 
ones for hBlaam preparations, and the circles for those that rmjuire 



3 PRACTICAL HISTOLOGt. 

linging, i.e., those mounted in glycerine or Fairant's stdnti* 
Unly oxtn-thin covers (or those sold as No, i) should be i 
Jt ia well to incnsiire the thiclcneas o£ tlie covers, and to t 



mounting only those tliat are less thi 



>-^> 





inch in thicknt 

fJet half-an- 

of |-mch circlo^. 

I '\Hnd the aamo 
\\eight of |-inch 

,^ ^»q^iiflj^t-4t ia con- 
venient to havo 
n few circlea 



nnCH 



liirger, 

;ind ijiuchindia-* 
meter, for mount- 
ing giartieularly 
I ir(,e sectioiia. 
\\hLnaliirgenum- 
I CT uf eectiona are 
iiiuuntcd under 



in serijil [r i iriti n it i « 11 tj li im iIiIjiiq co^crglaaseB of a 
still larger size. 

4 A Wooden Gabi- 
net fitted with trays 
fir In. 1 hug the mounted 
^IXLimcns It should be 
capable of holding nt 
l^jst 6o slides, and the 
slides should Ho on the 
flat A convenient form 
la ihown m fig. 3. Some 
prof r the flat coni- 
pressi d paper trays 
shown m fij:;. 4. 

5 Two Mounted 
Needles in handies. 
The student can easily 
make these litniself. Fix 
a sowing-neeiUe into the 
end of a pen-holder, 

allowing only about \ inch of the needle to project. The needles 
should always he kept bright and polished. A convenient form is 
1)0 fix a sewing-needle into a strong wooden " crochet " needle. 
6, A Dissecting Case, but failing that, a pair of strong forceps, 




— Popar Tntji to 



r 
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and also a finer jiair, the latter with long 
and a fine pair of Bcissors, and a. scalpel, 
straight pair of scissors, and also a pair 
It ia convenient to have a pair 
of forceps like those ehowu in 
fig. 6 for lifting and applying 
a cover-glass to a preparation, 
or like those in fig. 7 for hold- 
ing a cover-glass on which a thin 
fdm with Imcterift is spread. 

7. Camel-Hair BmsIieB, at 
least two, the smaller crow-siiee, 
and one somewhat larger. 

8. A BazoT, which is not to 
1h! hoi low-ground. It must be 
kept very sharp, and stropyied 
frequently. It ia better to have 
one ground flat on one side. 

9. Wateh-GlaaseB.— Instead 
of the ordinary-sized glasses, 
the student should provide 
himself with at least four 3 
inches in diameter 

10. A Section-Lifter.— This may be made by beating 1 
of a piece of copper wiro (|', iiicli tiiick) until a ihiii pliitr 



Tlie plate is then bent at au angle to the stem It h better, ho 
ever, to purchase one made of Germnn sdiei (he; 8) 

11. Drawii^ Materials —As grnt impDrtmte h ilUthed 



FiQ, 7.— CornetB Cover-Olsss roroupt. 

ihis laboratory and in tins course to making drawings of the 
microscopic objects, each student must provide himself with a 
ilraieiMff-iimk—a quarto, witli unruled paj^r, and coutainiug 150 
pagm or thereby, ia suftieieut. Suitable Jramiuj-peneilg, including 
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an H.B., and a harder one, e.g., H.H.H. ; both must be of a good 
quality of lead. After a sketch has been made in pencil, the 
sketches should be coloured. This may be done either with 

coloured pencils or water-colours. The latter are greatly to 

be preferred. 

12. Slips of white bibulous paper, 3 inches by ^ inch, 
to soak up any superfluous fluid, and to be used for irriga- 
tion. For irrigation purposes use small Mangidar slips. 

13. Small glass pipettes, which the student should 
make for himself by heating in a gas-flame and drawing 
out a piece of narrow glass- tubing at two places, close to 
each other, leaving a small part of the tube of the original 
width, which acts as the bulb of the pipette. Several may 
be made at a time, and their capillary ends sealed in the 
flame, and kept until they are required. 

14. A pair of narrow glass rods drawn to a point to 
tease tissues in such metallic solutions as gold chloride or 
silver nitrate, which act on metallic instruments. 

15. Labels for the slides. — It is well to have a large 
number of pieces of paper cut, 3 inches by i inch, as 
temporary labels, on which is written the name of the 
preparation. Each label is placed under its appropriate 
slide in a tray. These labels arc merely temporary. This 
is specially desirable where the slides have to be ** ringed," 
as in this process a permanent label is apt to be displaced 
or destroyed. In the case of balsam preparations, they 
may be labelled at once with the small square permanent 
labels. In every case the preparation should be labelled, 

s'^'ti^ ~~ ^^^ ^^^ label should bear not only the name of the tissue 
Lifter, or organ, but the direction of the section and the medium 
in which it is mounted, and, if desired, the date of mount- 
ing. Labels are now printed so cheaply, that for half-a-crown a 
student can have a thousand labels printed with his own name. 

16. Beagents. — The student should also be provided with the 
following reagents, placed in a small wooden framework on the 
work-table. Only those reagents that are most frequently used 
need be provided for in the framework ; the others can be supplied 
as required. 

Small bottles — two ounces or thereby — not too tall, and provided 
with a glass rod, are necessary. The glass rod has a bulge at the 
junction of its upper and middle thirds, and this bulge prevents it 
from falling into the bottle, and, at the same time, acts as stopper 
for the bottle. Failing this, a piece of glass rod passed through the 
cork will answer the purpose. 

(1.) Normal Saline, or '6 per cent, salt solution. Dissolve 6 
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gnuB. of inim common anlt in 1000 cc. of water. As tliis fluid ia 
apt to undergo change, it eliould not bo kept too long. 

(2. ) Glycerine (cither piiro ur equul parts ot gly:;erme ami watf-r). 

(3.) Balsam, either Canada balEani or dammar (p. 85}. 

(4.) Farrant'8 Solution (p. 85). 

(5.) Dilute Acetic Add (a por cent,). 

(6.) Eeematosylin Solution (p. 68). 

(7.) Picro-Carmine (p. 66). 

(8.) Clove-Oil oi' Xylol. —This diould be provided witli a small 
brush fixed on the ejid of ft wooden rod perforating the cork. 

17. Other Apparatus is required, hut in a ivcll-equip!>od 
lalwratory special articlca are supplied as required ; they are referred 
to in the context. They include a dissecting microscope, photophorc, 
mounting block, warm stage, eye-piece micrometer, lamp, turntable, 
polarising apparatus, camera lucida, itc, Ar. 



n.— THE MICROSCOPE AND ITS ACCESSORIES. 

1. An account of the optical principles on which the niicrtseope 
is constructed ia purposely omitted. The compound microscope 
conabts of a stand fixed to a lieavy, usually horseshoe shaped, foot. 
The stanil (flg. 9J carries a Stage to support the microscopic 
preparation, the mirror or arrangement for illuminating the object, 
together with the body tube ; the latter consists of a long brass tube, 
or one tube telescoped into another. To the lower end of this tube 
ia fixed a combination of lenses, constituting the lens or objective, 
while at its npper end ia the eye-piece, 

2. The tube is blackened inside, and to its lower end is screwed 
the objective, consisting usually of several lenses screwed together. 
By moans of it a magnified inverted aerial iriiuge is produced ill the 
body of the tube. The leuses on the objective should not be 
unscrewed. At least two ohjectiTcs are required— a low power 
and a high power. 

At the upper end of the tube u the ocular or eye-piece, com- 
posed of two plano-convex lenses, the one next the eye of the 
observer being called the ei/e-iflass, the lower one the Jield-^laes. 
The two lenses, witli their convex surfacea downwards, are fiied in 
a brass tube which slips into the tipper end of the tube of the 
microscope. 

3. The tube itself is supported in a vertical position on the stand, 
so that it can be moved iipward^ and downwards vertically, to bring 
the objective near to the object, and thus bring the hitter dearly 
into focua This arrangement ia turmed the a<^ustment. The 
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mode in which this is nceonLpHshed i 
microscopes the tube of the luicrosoopc i 





31 plate fived on -i bkclc-sround, 
e iisel for fixing a prej^mtion in i 
t is perforated by a circular aperti 



ries. In the cheaper 
moved inside anothn 
tube fined 
stand (fig. 9). Thifl 
is done by meatis of 
the band, while in 
the more expeneive 
microscopea there is a 
rack-and-pinion move- 
ment for raising or 
depressing the tube 

llwuiilly there 
two aiijustraents- 
tlie coarse ac^iut- 
ment, whether it Iw 
by Tuliiting one tulje 
in si do the other or 
by a rack-and-pinion 
movement; it is used 
to bring tlie outlines 
of the object dimly 
into focus. The other, 
the fine adjustnient, 
is a line screw, nsually 
]>hci:d at the iippei 
and back part of the 
pillar of the stand of 
the niicrosco]*. By 
it the object is hronght 
arcuratcly into focua 
4. The stand is pro- 
vided with a lioi'i- 
zontal solid table nr 
stage, placed nt a con- 
venient height, and 
on which the object 
to be examined is 
placed. Tlie stage 
consists of a flat ]ilate 
of brass blackened on 
its under surface, or 
There are two clips 
definite position oa the 
its centre, into 



I 
I 

( 
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which cftii be fitted di.itihmgma of iHfferent sizes, or a liliicktned 
circular brass pUt« with holes of ditferpnt sizes — from a pitdiole to 
half an iiwh — rotates undei' tlie stage, so thiit the desired size uf hole 
— or diaphragm — can be brought un<ler the central ajierture in the 
stage. The aperture in the stage must uot be too nnall ; it should 
l>e suHicietitly large to enable a Bection of the epitial conl to lie 
seou aa n whole. A small aperture is used with high ]>owera mid a 
lan^ aperture with low powers. In the more expensive, and in 
some of the cheaper microgco])os also, the staud is piovtdeil 
with a joint, so that the microscope can be inclined as shown in 
Rg. to. 

fi. Illumination of the Object, — Under the stage ia placed a 
mirror, movable in all directions, and which ia usually providud 
with a flat and a concave surface. When it ia available, ditluse 
light— never direct sunlight— reflected from a white cloud, nnd n 
northerly exposure are to bo preferrwl. For ordinary illumination 
the cuticave side of the mirror is used. The light is reflected from 
it, ami is transmitted through the hole in the stage, the object on 
the stage, and the tube of the microauope, to the eye of the 
observer. The flat mirror is used along wilji a suli-stago condenser 
(§ 10). 

6. Direct and Oblique niimiination. — When the light is re- 
flected from the concave mirror, it strikes the object nearly yi-rti- 

' cally; this is called liin.'cl or central illumination. But sometiniea 
it is of importance to detect very fine variations on the surface of 
the object; then for this purpose oblique illumination is practised. 
This may he done by tilting the mirror slightly, so that the rays 
of light fall somewhat obliquely ou tlie ohjeut. In this case there 
must be no small diaphr^m in or under the stage. This may also 
bo done in the more expensive microscojHsa by introducing a 
diaphragm which permits light to pass only at its sides, its 
centre bising blocked. This is known as a central stop-dia- 
phragm, which shuts off all the axial, and transmits only tho 
marginal rays, causing what is culled Jark-groand illuminntion 
(fig. i^). 

7. The Diaphragm, of which there are two forms in common 
use. The most common form is a blackened metallic plate — dii«- 
iii'H)hragm — perforated with holes of different sizes, placed under 
the stage, and bo arranged as to rotate on a pivot. The edge of the 
plate usually projects a little beyonil the stage, so that it can l>c 
readily rotated by the finger, so as to bring the appropriate aperture 
under the hole in the stage. The diaphragm is usually provided 
with A slightly projecting pin, which gives a click when the hole in 
the diaphragm is exactly centred. Another form — rylinilrical 
diaphragm — consists of a small brass cylinder, into which can be 
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Htted Biiiall diaphrngms i^erforated by spertunw of diHerent eizej 
(iifiB. lo, 12). The cylinder, witli its diaphragni, is fitted iuto a 
slot tinder the stage. Tlicsu cylinder diaphrogniH slioald be bo , 
arratigcd as to be eaaily changed. 

Ferhapa the mo^t convenient fonu of all is the iVw rliap/imgn^M 
which can be adapted to any cf the larjjer microscopes (fig. 14X1 
and in which any size of a]«rtiLre desired is obtained by turning *M 
umall milled head. The new forin (lit;. ' 1)1 «s niado by Kiglishl 
makers, Zeiss, andothen^l 
and &1ko by Leitll, 
an adniimblo subatitut 
for interchangeable < 
phragnis, as by It ) 
aperture can be readi^ 
increased or dimtni 
Tlie sniallcet apertv 
about 0.5 mm., and t' 
largest cijnal to tho fnUfl 
a|iertiire of t! 
don sing system. 

The management of 1 
the diaphragm is moat 
important in order to 
obtain distinct definition 
of an object. The one _ 
_ general rnlc— but 
which is very frcqiientfy'1 
ucgkctcd in practice V^M 
the student — is whonf 
employing 1 
to use a large ^apcrtu^ 
Band when employiii 
' high power, 1 amiU of 1 
medium ijierture of the 1 
diaphnf 

«Q. .0.— ZeiM'sLarse JointiMl SUnd, filte'l with li raw- AMiil 

d,inblo''no8o^ptece"aud 'jliudrc'aldianr^ ''obserie d briljbtl^ col- 
oured object With 

homogeneous immtraion lens^ til L olject lying 111 the tissues, such 
as stained fungi or mitotic figures— then remove tlio diaphragm and 
allow a Hood of heht to reach the Bub-stage condenser, which ia 
absolutely nocessarj m this case. 

If, however it be desired to see l ita,in peculiarities of strurture 
— as in biicteria— on a black haclcgronnd, then use a central itop- 
diapliTi^m, i.e., one mth a cpntral stop (Jig. is), alw ijs with an 
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L brilliantly illuiiiinaU'd 



Al,!)<;'s coiiiknser. The. object is then a 
on a black background. 

8. Objectives. — For ordinary work every inicroaiiope requires to 
have two objectives of difloceiit magiiifying powers ; one of thaso, 
when used with an ordinary ocular, should magnify about 60-75 




lu. 11.— ('yltndrlOAl Dlapbriunu 
(,, 1, j), B central slop-afa- 
phragmfj). 



diameters linear. Tiiis is sjwkun of iia tiiu low power, and in these 
pages is indicated by the letter (L). The other i^liould magnify 
from 350-400 diameters linear, and ia called the high power, 
iadiuated by the letter(H). 

If an English make of lens is preferred, lot them be an " inch " 
and a " quarter ineli." The term " one-inch objective " haa no direct 
relation to thd distance between the object and the lens, but indi- 
cates that such a lens possesses the same magnifying power as a eingle 
loua of one-inch focus. Swift's new high-angled i-inch lens ia a 
very good low-power lens. If Continental lenses be preferred, and 
if Zeiss's be selected, let tliem be A and J), equal to -^-inch and 
J-inch respectively. Zeiss makes len&ea AAaudDDof slightly better 
quality, which cost a few shillings more. If Leitz'a lenses be pre- 
ferred, use Nos. 3 and 7 ; and if Hartnack'a, Nob. 3 and 7 — 3 being 
the weaker lens. Crouch's lenses are excellent. 

Leitz numbers his objectives t-9, aud Zeiss A-F, i and A are the 
weakest objectives, and the magnifying power increases up to g and F. 

Tlie microscopes of Beichert of Vienna are also excellent. The 
stands arc all provided with a universal thread or screw, so that the 
lenses of Zeiss, of English mokers, or of others njay be adapted to 
them. 

For cettiun special purposes much higher pnwirs are required, 
but for ordinary work these lenses are suihcieiit. 
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The following patterns of microscopes are to be commended : — 

Leitz, Stands Nos. V., III. 17, IV. 19, V. 23, with objectives 

3 and 7. 
Zeiss, Stands Nos. VL and VII., with objectives C and E. 

9. Eye-Pieces or Oculars. — Two eye-pieces are required, one 
medium length and the other shorter, the latter being the more 
powerful. The two most useful eye-pieces are Nos II. and IV. of 
foreign makers (of Leitz, however, I. and III.), or A and C of 
English makers. English makers speak of a deep and a shallow eye- 
piece ; the former (IV. or C) is shorter, and is the more powerful ; 
the latter (II. or A) is longer, and is a weaker eye-piece. 

It is to be remembered that the eye-piece only magnifies the 
image of the preparation formed by the objective, and does not 
magnify the preparation itself. Hence any fault in the lens, and 
conseciuently in the image in the tube, is magnilied by the eye- 
piece. Moreover, the field is not so bright as with a weaker eye- 
piece. Hence it is expedient to use rather a weak eye-piece. There 
is an exception to this rule in the case of apochromatic lenses (p. 13), 
which yield a magnification of the object by means of special eye- 
pieces, without any loss in the brightness or sharpness of the image. 

These comprise the essential parts of the microscope, but if 
expense be no objection, the stand may be provided with a hinge- 
joint, which enables the microscope to be inclined at any angle (figs. 
10, 14). In some microscopes the tube can be elongated by a draw- 
tube (fig. 14), which, when it is elongated, increases the magnifying 
power of the instrument. It is well to have the draw-tube with a 
scale engraved on it, as is done in the more expensive instruments. 

10. Sub-Stage Condenser. — When working with high powers, this 
is essential, more especially in connection with bacteriological work. 
Abbe's condenser is by far the most convenient form. Fig. 14 shows 
one of the more expensive stands fitted with a sub-stage condenser. 

The essential feature of Abbe's illuminating apparatus is a con- 
denser system of very short focus, >vhich collects the light reflected 
by the mirror into a cone of rays of very large aperture and projects 
it on the object (fig. 13). 

The cone of light is usually reduced by diaphragms of suitable 
size, or by means of an iris diaphragm. By means of the rack-work 
the diaphragm can be placed excentrically and oblique illumination 
obtained. This apparatus can be used for ordinary work, but it is 
specially useful for the investigation of bacteria. The rays of light 
from the condenser are brought to a focus in the object, so that an 
enormous amount of light is concentrated on the object. The angle 
of aperture of Abbe's condenser is 120°. The full aperture of the 
illuminating cone of rays is only used when observing deeply-stained 
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hatteiia witli objectives of largo aperture. In eveiy othor case a 
diapltragm of suitable size is introduced ho na to diminish the 
cone of light. When the diaphragm is jilacod escentrieally, oblique 
illumination is obtained, while, 
with a central-stop diaphragm 
all the axial raya are cut off, 
and ilark-gTound ill" mi nation is 
obtained. 

11. Dry and ImmerBion 
Lenses. — By the tena dri/ Ititu I 
is meant one in which plr is 
tlio medium between the lens | 
and the object, or at least the 
cover-glass on the object. In 

intervenes between the lowest I 
lens of the objective and the i 
cover-glass of the object, and 
the liquid chosen ia water, or a 
medium of higher refractive 
index, such as ccilar-wood oil, 
clycerine, or u mixture of 
fennel and ncinuB oils. These miS swiiL (S.)™ 
oils have nearly the same re- ^"^ '^'.i^'!""'',"'' '"" "'"i"""*!^ •"" "> 
fnictive index aa the cover- 
glass. In virtue of their gi'eater refractive power, these liquids, 
especially the oils, refract more of the rays passing through tlie 
object, and cause these rays of light lo enter the lens, so that they 
increase the amount of light transmitted to the eye of the observer. 
In contrast with dry lenses, they have a larger angle of aperture 
and a greater resolving power, and are employed only for the 
highest m^^ifying powers. Powers above J of an inch should he 
oU-iuimcrsion lenses. Oil-itnmTKi-oH or hrmiogetieous imnuiTgiim 
lenses are to ha preferreil to water ones. The oil-immersion are 
fast displacing water- immersion lenses. 

In lUiiDg an oO-inunersion lens, by means of a glass rod, place a 
email drop of thiuk cedar-oU on the cover^lass and a small drop on 
the lowest lens of the objective, and slowly depress the objective 
imtil it touches tlio cupola of the drop, and fouua. Cedar-oil has a 
refractive index nearly tfie sjime aa that of cruwn-glass, so that 
almost all the rays of light passing tlirougli the object reach the Jens 
and j>ass up the tube of the microscope. Care must be taken that 
the drop of oil dwe Tiot ruu on to tlie cement of the preparation, 
else it will dissolve it. It is better to use marine glue lo seal up 
the preparation, as it is not dissolved by cedar-oiL A very fine 
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linen cloth moistened with benzene mav be used to remove the oil 
from the lens. After use, the cover-glass must be wiped dry, as 
well as the lens, by means of a clean piece of wash-leather. These 
lenses are very good, but very dear, and are not required for ordinary 
work. Latterly, instead of oil, a mixture of glycerine and chloral 
hydrate has been recommended. The cedar-oil is not so easily 
removed from the cover-glass. It may be best removed by a well- 
washed linen rag moistened with benzene. The lens itself must be 
most carefully cleaned. A lens moistened with glycerine is best 
cleaned with alcohol. 

12. Angle of Aperture. — Lenses may be of narrow or wide angle 
of aperture. The angle of aperture is the angle formed by the 
outermost rays coming from a luminous point placed in the focus of 
an object, and which enter not only the lowest lens of the objective, 
but pass throughout the entire system of the lenses of the objective. 
Lenses with a large angle of aperture (130" and upwards), therefore, 
will admit more light, i.e., more of the oblique rays will enter the 
system of lenses. These lenses are well suited for resolving line 
lines on the surface of an object, such as the striae on the scales of 
insects' wings and the markings on diatoms, but those parts of the 
object superficial to or deeper than the focus are not sharply defined. 
Such a lens is said to have greater power of resolution. For ordi- 
nary histological work, a high-power (350-400) lens of medium 
(8o*'-ioo°) angular aperture is to be preferred, for such a lens has 
greater penetratimj .poicer, i.e., the focal plane is deeper, so that with 
it one can see with tolerable distinctness parts of the object lying 
immediately above and below the true focus of the lens. It is to 
be remembered that the angle of aperture has nothing to do with 
the magnifying power of the lens. 

13. Abbe's Apochromatic Lenses. — These are dry or immersion, 
and arc used as high-power lenses when very exact definition is 
required. They are very expensive, and are constructed of a 
pecidiar kind of gla3s. These objectives secure the union of three 
different colours of the spectrum in one point of the axis, i.e., they 
remove the so-called "secondary spectrum," and they correct the 
spherical aberration for two different colours. The images projected 
by them are nearly equally sharp with all the colours of the 
spectrum. As there is a very great concentration of light by th(jso 
objectives, they permit of the use of very high eye-pieces, thus giving 
high magnifying power with relatively long focal length. The natural 
colours of objects arc reproduced unaltered by these objectives. 

Zeiss has constructed a series of compensating oculars to be 
used Avith these lenses. They are classified as i, 2, 4, 8, 12, 18, 
and 27, according to their magnifying power. The eye-pieces of 
extremely low power are designated — 
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(i.) Si-arirhem, which rediici! to its lowest limits the available 
magniHcatioii with each objective, thus facilitating the preliminary 
exn in illation of objects, diminishing tlic labour of searching for 
- {larticiilar parts of the Rjiccimcii. Tiius, No. i enables an objective 
to Ijc employed with its own initial magnifying power, t,e., as if it 
were used as a simple lens without an ocular (Zei«s). 




(ii.)The woi-ii»i? -'y-f^k'cw Iwginwitli i tmgnifjing power of 4 
The most iiscfui are 4 and 6 Other cj e piece? are— 

(iii.) Projfctinn eiif-pifcei' Init tho do not u»necrn ui here. 

14. In selecting a nucroBCOpe, thi^rc arc many points to 1> 
attended to. 
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(A.) Uechanical Parts, — It should be quite stable, so that it 
cjiiinot 1m? readily itjiset. To this nnd tlie stand should Ijq solid, and 
eithfr of the tripw! (fig, 15) or horse-shoe pattern (figs, 9, 10). Very 
good stands of the tripod pattern are made by Messrs. James 
Swiftifc Sons {fig. 1 5) and Messrs. Crouch, Fig. 15 has a glass stage, 
tlie hoily-tuhe is cloth-lined, which gives a smooth and steady action. 
The stage shovdd ho at a convenient huight, so that when the ulnar 
edge of the left hand is resting on the table, the thumb and fore- 
finger of the same hand can conve D Lent] y grasp and move the slide on 
the stage, Tiie stage iteeli should bo a little broader than the length 
of the slide. . Tlie slide can bo fixed on the stage by means of two 
brass clips, which are fitteil into holes at 
the two posterior angles of the stage. 
The pillar of the microscope may be fitted 
with a joint to enable the instraiuent b) 
Ik) in::linud, if desired ; hut of course 
this cannot lie used when fluids are being 
examined ; still in many instances ifc is 
ciinvcuicnt (figs. 10, 14), Fig. 16 shows 
a cnvenient form made by Hartnaek of 
Potsrlnm, anil one very extensively used 
hy students. 

Itis highly inconvenient to have to screw 
and unscrew a lens every time a chnnge 
of lens is required. This is obviated by 
using a nose-piece or revolver (figs, 10, 
14), which is screwed to the lower end 
u/ iho tube of the microscope. I'liu hi;.,'h 
and low powers are fitted to this fiuuii 
work, and can be rotated under the tul>e 1 
as they are required, Kose-picccs a 
made for attaching two or three (figs, i 

14) or more objectives, and they can be """Viiiijoriit~iiiid'ciundv„,~.. 
adapted to any microscope. 

One niustbe cautious in using a ntrae-piece, and take care to raise 
thi^ tube high enough to allow the ohjectivo to ri'volvc without touch- 
ing the cover^glass, which is especially apt to happen on usinga liigh 
power after a low power, the Icnsra not heiug of the same length. 

Test the mechanical parts that they are nil solid and work well. 
Kniso and lower the tube hy means of the fine ailjustmont, and do 
this to the full extent of tlie thnuuls on the screw, noting jiarti- 
cularly if there is any lateral movement of the tube while tills is 
being done. 

(B.) Optical Parts.^Soo th.it ill the parts are properly centred by 
I.Hikiug thfinigh Iho tube aft.^ n Uioval of the eye-piece. Put on 
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the liigh power ; use a medium eye-piece, and focus a microscopic 
preparation ; any thin section of a tissue will do. The field should 
be large, well illuminated, and flat. If there are specks in it, clean 
all the lenses to see that these specks are not due to dust on the 
lenses. If the centre of a flat object in the field does not come into 
focus at the same time as the periphery of the object, then the lens 
should be rejected on account of its spherical aberration. If coloured 
rings appear in an object, then the lens must also be rejected, as it 
is not perfectly achromatic. The definition ought to be sharp and 
distinct. 

The qualities of a good lens are the following : — 

The definition should be good, i.e.^ the correction for spherical 
and chromatic aberration should be perfect. The outlines of objects 
should be sharply defined and not blurred, and there should be no 
coloured halos or fringes round the object. If so, the chromatic 
aberration of the lens is not perfectly corrected. 

Flatness of field, i.e., all parts of the object in the field at the same 
time should be seen with equal distinctness, and, of course, this can 
only be so when the field is flat. If the central parts are sharply 
focussed, the peripheral parts not, then the field is not flat. 

Resolving power, which depends on the angle of aperture. This 
is the power to render visible surface markings, superficial lines, or 
structural details. It is better to have a lens of large angle of 
aperture for this purpose. 

Penetrating power, or the power to see objects in several planes 
in the same preparation at the same time. It represents the focal 
depth of the lens and its power of focussing images from different 
planes in the vertical range. Karrow angled lenses are more Suit- 
able for this purpose. 

Working Distance, i.e., the distance between the lens and the 
object. It has no direct relation to the focal length of a lens. 
Wide angle lenses have a shorter working distance than narrow angle 
lenses. A good lens should combine all the foregoing qualities, but 
of these qualities definition is all important. 

15. Drawing of Microscopic Objects. — In this laboratory every 
student is required to make sketches of his preparations. This is 
of the utmost importance, not only from the point of view of the 
student, but also of the teacher. 

(A.) Freehand Sketching.— The student must provide himself 
with a draicinfj-booJc (p. 3) and with suitable pencils (II.B. and 
n.n.H.), and also with either coloured crayons or water-colours. 
It is far more important that an outline sketch in pencil be made 
accurately portraying the shape of the object, than that an indifferent 
sketch should be covered with a smear of colour. It is astonishing 
how some students, after protesting that they cannr)t " draw," 



THE MICROSCOPE AND ITS ACCESSORIES. 

aucMed in deUnesting tlioir ]>ropa rations wijeri tln.'y liiivc 
matter i\ fair trial. 

(B.) Various Forms of Camera Lucida. — f^DJiu! times, 
■1 (imwing has to lie ilono to sca\p, cir iu outii 
accurately portrayed. There arc nianj 
deviaes for this purpose. yomi' ol 
these inatrumcEts arc hy no meant 
easy to work with, Lut thij an 
excellent for tracin;; the outlines oj 
iibjccts and "showing the enact nla 
tion of one part in anothir and tht 
relative size of the pirt^ of nn objttt 

(i.) Zeiss's Camera Lucida (u^ 
ij\. — A collar (c) with i vtrticil r d 
attached (a), carrying a hir (/) win !i 
hears the priam or camei i (A) Tin 
collar is slipped over the tuhc of tlip 
microscope and the eye-picLe inserted. 
"Focus the ohjcct, and rotnto the prism 
until it is above tho eye-pieue ; Ibc 
prism covers one-half of the latter. 
The draw lag-board ia inclined at ju angle of 20°, and 
ilown the microscope the paper and the imaj-o of the 
seen simultaneously. 

(ii.) Camera Lucida (Abbi-). — Tbis. ajiparatna ia madi 
(fig. 18). Tho apparatus is screwed to tho tube of th 




rs;lJr,)imi™ 



object a 




■tile 5 Ciiiuer:; Mu'iiin. (Sj:) iHimir ; (ff.) llim of reflectei licht ; (i.> cnllnr W; 
uyettye-pletK-. (O.jllglit to eye ot olaervor; (S,.) llBht rullMtorl on paiper. 

of Ihu rays from the object and those 



TllB direction and reflection 
from the paper are shown 
dmwings it ia-important to re; 



the I 
dak' Uio bri 



In all caiuorii-liieida 
htiiessof the illuminatioti 
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Fid. 19.— Camera Lucida of Chevalier or 
OiMirliauser. 



of the pap<»r ; tluH is etrectcMl in this instrument by smoke-tinted 
glasses, which fit into th<i prism mounting. In other cases this is 
done by means of a blackened canllKwrtl shade. 

(iii.) Chevalier's Camera Lucida (fig. 19). — The microscope 
remains erect, the oyo-piece is romovcd, and in its place is inserted 

the tube of the camera. Place 
a sheet of ^rhitc paper at the 
side of the microscope, and 
directly under the horizontal 
part of the camera. The in- 
strument itself consists of 
two tubes at right angles to 
each other, and at the angle 
is a prism, which reflects at 
a right angle in a horizontal 
direction the light coming 
vertically from an object on 
the stage. These horizontal 
rays have*, to piiss through what is practically an eye- piece of a 
microscope, and reach a small i)rism at the free end of the hori- 
zontal ])art of the instrument. This prism is so arranged that the 
rays coming from the object are reflected into the eye of an observer, 
who, on looking through the prism, sees an image of the object upon 
the sheet of paper on the table. The observer looks through this 
prism, but he must so adjust his position as to bring one-half of the 
I)upil over the prism, and thus with one-half of the pupil view the 
o})jcct on the paper, while the other half of the j)upil receiver the 
rays of light coming from the pencil and the paper. The distance 
between the eye of the observer and the paper is about 10 inchea 
It is by no means so easy to sketch the outline of an object with 
this camera. The eye should be protected from other rays of light 
l)y means of a blackened shade. The difficulty encountered by 
the student is to see the object and the point of the pencil at the 
sixme time. 

(iv.) Camera of Malassez (fig. 20). — This consists of two prisms; 
one, the ocular prism, is fixed, while the second and larger can be 
moved round a horizontal axis. This enables the instrument to ]ye 
used in two difl*erent })Ositions of the microscope. If one is 
examining a fluid, the microscope is erect and not inclined. The 
instrument is fixed to the upper ])art of the tube of the microscope. 
Slip the collar over the tube and insert the eye-piece. The image 
is projected on the table to the right of the microscope ; but the 
paper must be placed at an angle, i.e., on an inclined j)lano, horizontal 
to the direction of the rays from the camera. This is necessary to 
avoid one side of the figure being larger than the other. If it be 
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desired to incline the microscope at eih angle of 45° (fig. 20), the 
ciimera is so pliiceii that an image is thrown on paper placed hehinil 
the foot of the niicroscopR, the prism hi'iiig Uirnpi! to an nngle of 
45°. This camera in particularly 
easy to work with. It is eome- 
times important not to havR tc>o 
much light on the laper ; this is 
avoided by using the plane side of 
the mirror. 

16. UagnifjODg Power of a 
Microscope. — This wiO vary with 
the objective and ocular used, aiul 
also with the length of the draw 
tube. The magnification is usually* 
iletermined when.an image is seen 
fit the range of normal distinct 
vision, i.e., 10 inches or 25 ucnti 
metres. As this is about the 
height of a Hartnack's stand 01 
Zeiss'a stand, supposing thc^e 
forms of instrament to be used, •■'' ''~^"i^,",iViiniK™'''"™''"'' 
pinee a. sheet of white paper on 

the table. Let the microscope be upright, with ocular ami lens in 
pla«e. Supposing we use a No. 7 objective and No. 3 ocular. 
ISegin with the draw-tube in, place a stage-micrometer on the stage 
of the microscope, and focus the scale upon it. The stflge-miero- 
meter is like a gla^ slide with a fine scale engraved ujwn it. The 
[English ones are generally subdivided into thousandths of an inch, 
and the Continental ones into hundredths of a millimetre. Look 
through the microscope, but keep both eyes' open, and part of the 
scale will be seen on the white ]m[ier. With a'^ncil mark oiF say 
ten interspaces, or use a pair of compasses to measure this distance. 
Measure off this distance on a millimetre scale, tind suppose the 
ilistance thus measured he z8 millimetres, Tliis means that .1 
millimetre has been magnified to appear equal t-i 28 millimetres, 
('.''., 380 times. The magnifying jiower for other combinations of 
should be determined, and a table made for futun' refi'i'euce 




nd ti 






Hagnifying Power. — This may Ue h 

(a) By using a higher objective. 
(/') liy using a higher eye-piece. 

(r) By pidling out the draw-tulie and incren.sing the distance 
Ivtwcen the objective antl tlic (■ye-pieci'. 
Construct a table— according to the following scheme— of Lhe 
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magnifying powers of the different combinations of the objective 
and ocular supplied with your microscope : — 



Ol)jective. 



T^ Li' ( Half-inch or A 
Draw- tube in { .^ .«.i • u ta 

1^ One-sixth inch or D 

T^ - 1 . ( Half-inch or A 
Draw-tubc out ^ onc-sixtl. inch or D 



Ocular. 



Shallow, or A or 2. Deep, or O or 4. 



17. Measurement of the Size of a Microscopic Object. — Sujv 
pose a red blood-corpusclc is to be measured. Keep both eyes 
open ; with one look down the tube of the microscope, and the 
other eye will sec an image of the corpuscles on a sheet of white 
paper i)laced beside the microscope. With a pencil mark off the 
outlines of a corpuscle, or a sketch may be made of one "with a 
camera lucida. Remove the preparation, and for it substitute a 
stage-micrometer, leaving all the other parts, microscope and paper, 
as they were. On looking down the tube of the microscope, the 
lines on the micrometer scale arc seen. Make a drawing of these 
lines. This may be kept for future use, but on the scale should be 
noted the combination of ocular and objective, and the extent to 
which the draw-tube has been elongated. The distance between 
the lines on the micrometer scale being known, say y^th of a 
millimetre, it is easy to calculate what part of the distance between 
any two lines corresponds to the size of the corpuscle. 

The most expeditious plan is to use an eye-piece micrometer. 
A circular flat piece of glass, with a scale ruled on it (fig. 21), is in- 
serted in the ocular between the field-glass (FG) 
and the eye-glass (EG) (fig. 22). With this eye- 
piece focus the scale on a stage-micrometer — its 
markings must be parallel to these in the eye- 
piece — and count the number of divisions of tlic 
latter that correspond to one of the former. This 
must be determined for each combination of lenses 
Fro, 21.— Scale intro- ^^^^^ ^ kiiown length of tube. Suppose the stage- 
auccd into Eye- micrometer to be divided into T-irrths of a milli- 

piece Micrometer . j ai. i. r i.i , . . ^ " " , , 

(Zeigff). metre, and that one of these divisions corresponded 

to three of those in the ocular, then each of the 
spaces in the ocular micrometer is equal to ^y^yth of a millimetre, 
or .0033 millimetre. 

The histological unit of measurement is 1 000th part of a milli- 
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metre or micro-milliinetre, expreaaed shortly aa a micron, or by 

the Greek lettej /i. Thus, each spanp of the ocular micrometer is 
equal to 33 ;*. 

With these data it is easy to estimate the si*e of any object. The 
pbject is placed ou the stage and focuased, always, of course, with 
the same combination of lenses and ocular. If other lenses be used, 
the value of the ocular divisions must be determined for this particular 
combination. Once determined, they can be noted for futnre use. 

18. Artificial niumination. — ^White daylight is, of course, to be 
preferrej, but it is not always available. When artificial light has 
to be_ used, a gas flnme, e.g., an Aigand burner, or other artificial 
light, may be used. An ordinary jtarafiin lamp with a flat wiok and 
an^iged to hum steadily does very well. An unsteady flame ia 




FiO. 33. — MioroBcope Li 

very iiyurious to the eyes. It requires some care to find the exact 
distance at which the lamp should he placed from the mirror. If 
very intense light be required to ■examine a small part of a pre- 
paration, turn the wick edge ou to the mirror. Between it and the 
mirror place a screen "of white paper. If the direct rays from a 
lamp are used, to correct the yellow rays place a sheet of pule hiue 
glass, or a glass globe containing 0. week sohition of ammonio- 
sulphate of copper, between the ligjit and the mirror, or a thin blue 
glass may he ]ilaced on the stage un-der the pre[iaration. A paraffin- 
oil lamp may be used. Fig. 23 shows a cheap jwraffin lamp sold by 
Swift & Sous. A remarkably good light is obtained from the 
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provided with a reflectur, which directs the rays of light through a 
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roj, which, bent iii a. gentle curve, conducts tke light from the 
Hame to the under surface of the stage, the mirror iti this case not 
being used. 

Perhaps the most useful kuip is that known as the albo-carboQ 
light. It is the one I am in the habit of using when — «3i>ecially 
in winter — good daylight is not available. Ordinary gas ia used, 
but the gas has to traverse a chamber containing naphthaline before 
it reaches the burner. A very white light is thus obtained, aud 
ran be used without the intervention of blue glass or a blue copper 
solution. 

If expense be no bar, then a small ineandescent eleetrie light ia 
must useful. 

19. DiSBecting Microscope (figs. 24, 25). — This is very useful. 
The lenses usually cniployej magnify from S to zo tinuis linear, 
and are fitted into a framework which can bt, raised or dijirisaLd 
so as to bring the object distinctly luto focus 

20. Method of Measuring the IhtcknesB of Cover Glaases — 
Tliick cover-glasses are of no use and tiiin on s— .\tia thui, so 
called — are to be pre 
ferred. A eonvcnient 
thickness ia 0.16 
For high powers thi 
is essentia], and it 1 
well to measure thi 
thickness of the cover 
glusses, and to reject 
all those above a cer- 
tain thickness. This 

is c'onvc^niently and ^B^kl^^^^^^HiB^V ^^ 

mpidly done by means 

of tlie inBtmnicnt ^ , ^,i ,. 

shown in fig. a6. A 

clip projecting from the box fixes the cover-glasses, and the thick- 
ness is givenby an indicator moving over a. divided circle on the lid 
of the box. The divisions show hundredths of a millimetre. 

21. Oamera Obscura Shade. — When one has to continue observing 
a microscopie object for a long time, it is convenient to shade the 
eyea from all light reaching them, except that transmitted through 
the eye-piece. This is best done by a blackened screen cither fixed 
to the microscope or arranged in front of the microscope.^ Some 
observers place the mieroscope in a riark chamber,, alio wing light to 
fall upon the mirror through an aperture in its frojit wall Fliigel* 
has designed a camera obsoiira for this purpose. 

I SchicBtrdBCker, ArehU-f. wins. Mikr., ji. 180, 18fl3, 
' Zoolog. AnscigcT, by V. Cania, p. 566, 1683. 
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rod, which, bent in a gentle curve, conducts the light from the 
dome to the under surface of the stage, the mirror in this case not 
lieing used. 

Perhaps the most useful lamp is that known as the slbo-carbon 
light, it is the one T am in the habit of using when — espeeially 
in winter — good daylight is not available. Ordinary gas is useil, 
but the gas has to traverse a chamber containing naphthaline before 
it reaches the burner. A very white light is thus obtained, and 
can be used without the intervention of blue glass or a blue copjier 
solution. 

If exi^cnsG be no bat, then a suiitll iucandeacent eleetrle light U 
luiist useful. 

19. Dissecting Uicroscope {liga. 24, 25).— This is very useful. 
The lenses usually employed magnify fi'om 5 to 20 timea linear, 
:iud are litteil into a framework which can bo raised or depreaaed, 
so as to bring the object distinctly into focus. 

20. Method of UeaBuring the Thicknesa of Gover-GlaBses.— 
Thick cover-glassea are of no \i.ie, .TJid tliiii unes— e:ctra thin, so 
wdlod — are to bo pro 
ferred, A convenient 
thickness is 0.16 1 

I powers this I 
', and it 1 
well to measure the 
thickiieaaof the cover- 
glasses, and tu reject 
all those above a cer- 
tain thickness. This 
is conveniently and 
rapidly done by means 
of the instrument m 

shown in fig. 26. A 
clip projecting from tlic bus lises the 
ness is given by an indicator moving o 
of the box. The divisions show hundredths of a millimetre. 

21. Camera Obecura Shade. — When one has to continue observing 
a micTOScajiiu object for a long time, it is convenient to shade the 
eyes from all light reaching them, except that transmitted tbrougli 
the eye-piece. This is best done by a blackened screen either fixed 
b> the microscope or arranged in front of the microscoiie.' Some 
observers place the microscope in a dark chamber,. allowing ligjit to 
fall upon the mirror through sn aperture in its front wall Fiegel- 
has designed a camera obscura for this purpose. 

• Schieffcrdeoker, AirJiiv/. vfies. Mlkr., p. 180. 1892. 

* Zooloa. jinxeigi^, by V. Canla, p. 5fi(i, 1S83. 
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rcul, which, hent in a gentle curve, conducts the light from the 
Hame to the under surface of the stage, the mirror in this caao not 
being used. 

I'erhapd the most useful lamj) ia that tcnowti us the albo-carbon 
light. It is the one I am in the habit of using when^s[X!eialiy 
in winter — good daylight ia not available. Ordinary gas is used, 
but the gas has to traverse a chamber containing naphthaline before 
it reaches the burner, A very wbite light is thus obtoine(l, and 
enii be used without the intervention of blue glass or a blue copper 
solution. 

If expense be no bar, then a sttuiU incandescent electric light is 
most useful. 

19. DisEecting Uicroacope (ligs. 24, 25). — This ia very usefid. 
Tho lenses usuaUy employed magnify from 5 to zo times liiiPiii\ 
and are fitted into a framework which c:in be raised or dt-prcsBcd, 
so OS to bring the object distinctly into focus. 

20. Hethod of Ueagurii^ the ThickneBS of Oover-GlaaseB. — 
Thick cover-glasses are of no use, a-nd thin nnes- — extra thin, so 
i!ulled — are to be pre 
ferred. A convenient 
thickness is 0.16 i 
For high powers thisl 
is essential, and it is 
well to measure the 
thickness of tho cover- 
ghisscs, and to reject 
all those above s cer- 
tain tliickness. Tbia 

conveniently and ^BVIH^^^^^^^H^V ^S '^ 

rapidly doQu by means 

of the instrument i-,o_ i^.—Cover-gliaB Teafer. 

shown in fig. z6. A 

clip projecting from the box fixes the cover-glasses, and tho thick- 
noss is givenby an indicator moving over a divided circle on the lid 
of the box. The divisions show hundredths of a millimetre. 

21. Camera Obscura Shade. — When one Jiae to continue observing 
a microBcopic object for a long time, it is convenient to shade the 
eyes from all light reaching thnni, except that transmitted through 
the eye-piece. This ia best done by a blackened screen either fixed 
to the microscope or arranged in front of the microscope.' Some 
observers place the microscope iu o dark chamber, .allowing liglit to 
fall upon the mirror through an aperture in its front ivall Fiogel^ 
has designed a camera obscum for this purpose, 

' SchiefferJeokor, Archivf. vriaa. Mihr., p. 180, 1892. 
* Zoolog. Aiaeigcr, by V. Canis, p. EBU, 1B83. 
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rod, which, hent in a yentle curve, conducta the light from the 
flame to the under surface of the stage, the mirror in this case not 
being used. 

Perhaps the moat useful lamp ia that kno^vn as the albo-carbon 
light. It ia the one I am ia tiie habit of using when — Es[>e(;ially 
in winter — good daylight ia not available. Ordinary gas is usud, 
but the gas has to traverse a chamber containing naphthahne befurc 
it reaches the burner. A very white light is thus obtained, and 
can be used without the intervention of blue glass or a blue uopijcr 
solution. 

If c.Yjjenso be no bar, then a small iacandescunt electric light is 
must useful. 

19. Siraectiug Microscope (Mgs. 24, 35). — This is very useftd. 
Tlio lenses usually caiployed magnify from 5 to 20 times linear, 
and are fitted into 3 fnimework which c^m be ruised or depressed, 
so as to bring the object distinctly into focus. 

20. Method of Measuring the Thickness of Gover-GlaseeB. — 
Thick cover-glasses are of no use, !in<l thin ones— extni thin, so 
called — are to be pre 
ferred. A convenient 
Uiickuess is 0.16 1 
For high powers this! 
Ls essential, and it i 
ivdl to measure th 
thickness of the cover- 
glasses, and to reject 
all those above a cer- 
tain thtckncsa. This 
is conveniently and 
rapidly done by means 

of the instrument ^i, f-tir^i ai aifr 

shown in fig. z6. A 

clip projecting from the bo.^ fi.ves tlie cover-glasses, and the thick- 
ness ia given by an indicator moving over a divided circle on the hd 
of the bos. The divisions show hundredths of a millimetre. 

21. Camera. Obscura, Shade. ^When one iias to continue observing 
a microscopic object for a long time, it is convenient to shade the 
eyes &oin all light reaching them, except that transmitted throu^di 
the eye-piece. This is best done by a blackened screen either fixed 
lo the microscope or arranged in front of the microscope.' Some 
oliservers place the microscope in a dark chamber, .all owing hght to 
fall npon the mirror through an aperture in its front wall plogel- 
has designed a camera obscum for Ibis purpose. 

' Scliieffrrdeoker, Archivf. wiaa. Mikr., p. ISO, 1892. 
= Zmlog. Anseigtr, by V. Cunis, p. 586, 1K83. 
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III.— NORMAL OR INDIFFERENT FLUIDS. 

Not iinfreqnontly living tissues or fresh tissue clemente have to 
Ik? examined in as natural a condition as ]K)S8ible, and obviously, if 
a fluid require to be added to it, tlie fluid must be of such a nature 
that it will not injuriously aff'ect the tissue or its elements. These 
fluids are si>oken of as indifferent or normal fluids. When fresh, 
these fluids cause very slight changes in the tissues. Amongst 
those used are — 

1. Normal Saline. — Dissolve 6 grams of pure sodic chloride in 
looo cc. water. 

2. Kronecker's Fluid. — It consists of 

Distilleil water ..... loo cc. 
Sodic cliloride . . . . .6 gram. 

Soda ...... .06 



)) 



3. Blood Senun. — Tlu^ blood is allowed to clot, and the serum, 
after a day or so, is poured away from the clot. In a laboratory 
provided with a "centrifugal apparatus" any red blood-corpuscles 
can be got rid of by " cenirif ugalising " tlie serum. This fluid 
does not keej) long, and must be fresh. It has been suggested to 
add a piece of camphor to it, but this only helps to preserve it 
for a short time. Iodine is sometimes added to serum to form 
iodised serum^ but this is by no means an indifferent fluid 

(l>. 25). 

4. Aqueous Humour. — With a narrow triangular knife puncture 
the cornea of a freshly-excised ox's eyeball and collect the aqueous 
humour which exudes. If only a small (piantity be required, it 
may be obtained by puncturing the excised eye of a frog with a tine 
cai>illary glass pipette (p. 4). 

5. Fluid of Ripart and Petit : — 

Cainpliorated water 
Distilled water 
Glacial acetic acid 
Acetate of copper 
Chloride of copper 

It is very useful for examining animal cells. 



75 


cc. 


. 75 


n 


I 


>> 


. 0. 30 gram 


. 0.30 


1) 



IV.— DISSOCIATING FLUIDS. 

These fluids dissolve or soften the cement substance or inter- 
stitial material, e.g.^ of epithelium, connective tissue, and thus 
facilitate the separation of the histological elements from each other. 
In some cases, in isolating tissue elements, it is well not to have 
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too much fluid in proportion to the morr:el of tissue, else hanlening 
is more apt to take place. 

1. Strong Iodised Serum. — A strong solution should be kept, 
which may be diluted as required. To the amniotic fluid of a cow 
or to blood-serum add crystals of iodine, and keep it in a stoppero<l 
bottle. Shake it frequently. At first very little iodine is dissolved, 
but after a time (15-20 days) the solution becomes much stronger, 
/.^., it becomes of a deep-brown tint. 

For dissociating a tissue, a weak iodised serum is used. A 
little of the strong fluid is added to fresh serum until the latter has 
a light-brown colour. ' If an object be placed in the dilute iodised 
scrum and the brown colour fades, more of the strong solution 
must be added. In using this fluid, take a very small piece of 
tissue^ the size of half a pea or less, and place it in 5 cc. of the 
fluid in a glass-stoppered bottle. After a day or two it may be 
dissociated with needles, but the brown tint must be maintained ; 
more strong fluid must be added if putrefaction is to be pre- 
vented. 

2. Dilute Alcohol (Ranvier's Alcool au tutrs), — This fluid, 
devisetl by Ranvier, and sometimes called " one- third alcohol," is 
of the greatest possible service, and is one of the best dissociating 
fluids we possess. Mix i part of 96 per cent, alcohol with 2 parts 
of distilled water. It dissociates epithelial and other tissues in 
24-36 hours. Use a small quantity of the fluid in proportion to 
the tissue. 

3. Chromic Acid. — One gram in 1000 of water. This requires 
two days to a week, according to the tissue placed in it. 

4. Potassic Bichromate. — Two parts in 1000 of water, iy\, .2 
per cent. It is very useful for dissociating epithelium and the 
nerve-cells of the spinal cord. It does so in 2-3 days. 

5. Ammonium Chromate (5 per cent.). — It is used for disso- 
ciating the "rodded" cells of the renal tubules, cells of salivary 
glands, Purkinje*s fibres of the heart, &c. It acts in 24-36 hours, 
and the chromate must be well washed out of the tissues if they 
are to be preserved. 

6. Caustic Potash. — Thirty to 35 parts in 100 of water. It acts 
in 20-30 minutes, rapidly destroying connective tissue. Water must 
not be added to the dissociated tissue, else the tissues are rapidly 
dissolved. It is used for isolating the fibres of smooth muscle, or 
heart-fibres. Examine the dissociated tissues in the dissociating 
fluid. As a rule, tissues so dissociated cannot bo preserved, but 
there are certain exceptions. 

7. Dilute Osmic Acid (.1 per cent.). — It acts in 24-48 hours 
acconling to circumstances, and is well suited for cells containing 
fat globules. 

4 
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8. Landois' Fluid :— 

Neutral aiDiiioDiuiii chroiiiatc . .5 gniis. 

i^otassiuin ])I)os|i]iatc .... .. 

Sodium sulphate . . ,, 

Distille<l water ..... 100 cc. 

This i.s spooially useful for tlie central nervous system. Small 
pieces must lie in it for 1-5 days. (See I^ia«<on on Nervous System.) 

9. Methyl Mixture or Schiefferdecker's Fluid : — 

Metliylic alcohol . . . . 5 cc. 

(.Ilyi'eriiie . . . • • • 5© »» 

Distilled water ..... 100 ,, 

It is ])ottcr to prepare it fresh, hut it can he preserved in a 
ghiss-st()i)per(»(l ])ottle. The methylic alcohol rapidly 
civaiK)ratcs. Tlie tissues remain in it for several days, 
and it is specially useful for the retina and central 
nervous system. I find that it isolates epithelial cells 
in one to two days. It acts very much like Ranvicr's 
alcohol. 

10. Other fluids are referred to in the text, e.g,^ 
bar3rta water, and 10 per cent, sodic chloride for 
tendon. This dissolves the cement substance of epi- 
thelial cells and the mucinoid cement of connective 
tissue. 

11. Digestion Methods, both gastric and tryptic, 
Fio. 27.— Glass arc used (sec text). 

Thimble for "^^^ Special uscs of the above-named fluids are 
dissociating referred to in text under the tissues or organs, for 
o?a UMue?* which each is specially adapted. 

General Directions for Dissociating Tissues. — 
Always use a very small })iece of the tissue or or^^'an, and place it 
in a not too large quantity of the dissociating fluid. Small glass 
thimbles (fig. 27) are very useful for this purpose. 




v.— HOW TO TEASE A TISSUE 

To separate by means of needles the elementary parts of a tissue 
is by no means an easy task. The tissue must be seen distinctl}', 
and the needles must be so used as not to break up the parts, but 
only to separate them. The process may be done by the unaided 
eye or with the aid of a ^pns or dissecting microscope (figs. 24, 25). 
The light must be good, and an appropriate background for the 
object should be selected. If the tissue is colourless, use a black 
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background, e.g., black paper; if coloured, a white one. In the 
latter case, however, the shadows interfere with exact vision, and it 
is better to support the slide upon an object raised slightly above 
the white background. This is readily accomplished by placing it 
over a white porcelain capsule, or on a photophore (fig. 28), into 
which is slipped a piece of white paper. 

In a laboratory, one of the most convenient ways is to have the 
tables painted of a black or very dark green colour, but the painting 
must be flat, with no shining varnish. At the edge of the table is 
painted a white strip i^ inches broad. Some prefer to burn into 
the surface of the table solid paraffin blackened by means of lamj)- 
black. Others use porcelain slabs one-half black and the other 
white. 

Photophore (fig. 28). — ^This is a small wooden box, 5 cm. high, 
9 cm. long, and 9 cm. broad. The upper part is formed of glass. 
Tlie front wall of the box is wanting. 
Placed obliquely within the box is a 
mirror, which reflects the light upwards 
through the glass cover and the slide to 
the eye of the observer. 

In dissociating with needles, we must yjg 28. -Photophore. 

have some knowledge of the arrange- 
ment of the parts of the object to be teased, such as the direction 
of the fibres, (fee. Take a small piece only. Always tease one end 
of the tissue, and fix the latter with one needle while the parts are 
separated with the other needle. 

One of the most convenient combinations is that of Eternod, 
which combines a photophore with a turntable. The wheel of the 
latter can be removed, and the block forms not only a photoi)hore, 
but also a surface on which tissues of different colours can be teased 
and mounted. 




VI— FIXING AND HARDENING- REAGENTS. 

Most of the tissues and organs must be hardened in suitable 
fluids before they can be cut into sections. A large number of 
fluids of various kinds are used, each organ or tissue requiring its 
own appropriate fluid. Some organs, e.g.^ bone, are too hard to be 
cut in their natural condition ; they must be decalcified by appro- 
priate fluids. Amongst others, the following fluids are required, 
but others arc referred to in the text. 

P 
A. Alcohol. 

Alcohol is one of the most important hardening fluids used 
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either by itself, or to complete tlie hardening processes begun 
with other fluids. Moreover, it is almost universally used for 
th(5 preservation of tissues already hardcneil. There are three kinds 
of alcohol used for histological })ur})oses, viz., absolute alcohol, recti- 
lied spirit, and methylatoil spirit. 

(a.) Absolute Alcohol is alcohol without water, but that sold 
usually contains 96 \)er cent, of pure alcohol, and is sufficiently 
strong for niicroscopicid puri)oses. If an absolutely water-free 
alcohol is desired, place well-dried i>ota8sic carbonate in the alcohol. 
This rapidly absorbs the moisture. Or powdered and heated cupric 
sulphate — a white jKDwder — is added. If water is present, it absorbs 
it, and becomes blue again. Lowne uses slips of gelatine. 

{b.) Rectified Spirit contains 84 per cent, of spirit and 16 per 
cent, of water. 

(r.) Methylated Spirit contains a little wood naphtha, and is 
nearly as strong as the ordinary absolute alcohol, and may be made 
stronger by placing some well-dried carbonate of potash in it. The 
carbonate of potash absorbs any water present in the alcohol. Others 
use cupric sulphate well heated in a metallic capsule, until it 
becomes a w^hite powder. When it becomes blue in the spirit it 
must be replaced by new CuSO^. It can be heated and used again. 

Alcohol is used of various strengths for hardening piuposes. 

Seventy-five per Cent. Alcohol. — To every 75 cc. of absolute 
alcohol add 25 cc. of distilled water. 

Seventy per Cent. Alcohol. — To every 70 cc. of absolute alcohol 
add 30 cc. of distilled wat(^r. 

Ftfty per Cent. Alcohol. — Take equal volumes of absolute 
alcohol and distilled water. 

To Harden in Alcohol Alone— The tissues are placed for 12-24 
hours in the weaker (50 per cent.) alcohol, and passed through the 
stronger alcohols (in each a day or thereby), and finally kept in 95 
per cent, alcohol until they are required. 

For certain special purposes the tissues, e.g., glands and struc- 
tures for the preservation of mitotic figures, are " fixed," and at the 
same time hardened by being i)laced at once, and while as fresh as 
possible, in absolute or 96 per cent, alcohol. 

B. Chromium and its Compounds. 

1. Chromic Acid (Stock Solution). — It is well to prepare a 
strong solution — 10 per cent. — and to keep this as a stock to be 
diluted when required. Dissolve 10 grams of fresh chromic acid 
in 90 cc. of distilled water. 

2. Half per Cent. Solution of Chromic Acid.— To 50 cc. of the 
10 per cent, solution add 950 cc. of distilled water, or dissolve i 
gram of chromic acid in 200 cc. of water. Similar solutions 



FIXING AND HARDENING REAGENTS. 2$ 

containing .3 and .2 per cent, chromic acid are frequently used, and 
can readily be made from the stock-bottle. 

3. Chromic Acid and Spirit, or dein's Fluid. — Mix 2 i>arts of 
chromic acid (.6 per cent, i.e., 6 grams in 1000 cc.) with i part of 
methylated spirit. This should be made fresh, and kept from the 
light. If the fluid be changed often it hardens tissues in 8-10 
daj's. 

4. Chromic Acid and Bichromate Solutioa — Dissolve i gram 
of chromic acid and 2 grams of potassic bichromate in 1 500 cc. of 
water. 

5. Miiller's Fluid. — Dissolve 25 grams of jx)tassium bichromate 
and 10 grams of sodium sidphate in 1000 cc. of water. Solution 
takes place slowly at the ordinary temperature. Pound the 
ingredients in a mortar, add the water, and warm until they are 
dissolved. It takes five to seven weeks to harden a tissue, 
according to the size of the tissue placed in it. This fluid is very 
extensively used, as it penetrates into the tissues and hardens them 
equally throughout. To prevent the formation of fungi, place a 
piece of camphor in the solution. Miiller's fluid preserves blood- 
corpuscles in their original form, and they retain their yellow 
colour. It also shrivels very slightly the tissue elements. 

G. Miiller's Fluid and Spirit. — Mtiller's fluid 3 parts, and 
methylated spirit i part. Mix, and allow the mixture to cool 
before using it. When tissues are hardened in it they should be 
kept in the dark. 

7. Erlicki's Fluid. — Dissolve 2.5 grams of potassium bichromate 
and .5 gram cupric sulphate in 100 cc. water. It should be 
prepared fresh. It hardens more quickly than Miiller's fluid, and 
after the first day or two its action is greatly facilitated by keeping 
the tissues in it at 40" C. Ten days or so will suiSice for hardening 
under these conditions. Experience, however, has shown that the 
process of rapidly hardening tissues at a comparatively high 
temperature is not so satisfactory as that conducted at a lower 
temperature. 

8. Potassium Bichromate. — Make a 2 per cent, solution by 
dissolving 10 grams of the salt in 500 cc. of water. It takes 
from three to seven weeks to harden tissues, and is one of the best 
hardening fluids for the central nervous system. 

9. Ammonium Bichrpmate is used in the same way and of the 
same strength. It takes much longer to harden than S. (See 
Central Nervous System.) 

10. Ammonium Chromato (5 per cent, solution). — This is used 
for hardening the kidney and other secretory glands, the mesentery 
of the newt, ckc. (see text). 

Precautions in Connection with ChrcmiumCompounds. — Solu- 
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tions of pure chromic acid do not penetrate well into tissues, 
therefore the ])ieces of tissue must be small. In the case of tissues 
placed in Miiller^s fluid or jtofamc bichromcUe^ they are hardened 
very slowly. In the case of most organs 3-4 weeks suffice, but in 
the case of the brain and spinal cord it takes sever il months to 
harden tissues and organs in these fluids. The fluid must be 
frecjuontly changed, and it must be large in amount. The forma- 
tion of fungi on its surface may be prevented by adding a piece of 
cjimplior, thymol, or naphthaline to the fluid. The hardening 
process is accelerated when the fluid and tissue are kept at 3o''-40** 
C, but the result is not so satisfactory as by the slower cooler 
process. 

Except for special purposes, e.g.^ Weigert*s method for the cen- 
tral nervous system, the chromic acid salts must be thoroughl}' 
washed out of the hardened tissue or organ. This is done by 
leaving them for many hours or days in a stream of running water. 
In all cases it is well to keep the fluids and tissues in a cod place, 
and in some cases in the darlc, e.g., 3 and 6. 

In connection with the hardening of tissues, especially those of 
the central nervous system, it is, with right, insisted upon that the 
hardening fluid should be frequently changed. I find, however, 
and my observations arc borne out by other observers, that after 
the first change of fluid a very satisfactory result is obtained by 
placing the organ to be hardened in a very large volume of the 
hardening fluid, e.g., the spinal cord of a cat or dog in a litre of the 
hardening reagent, and leaving it under proper conditions until the 
cord is hardened. Stir the fluid from time to time. 

Chromic acid seems to form a compound with the tissues, so 
that it is not easily removed from them. Tissues hardened in 
chromic acid are not readily stained by carmine, so that for this 
purpose it is better to use haematoxylin or safranin. 

G. Acids and Acid Mixtures. 

1. Picric Acid. — Make a cold saturated solution of picric acid in 
water. There should always be a large excess of crystals on the 
bottom of the bottle. Place a small piece of tissue in the solution 
for 6-24 hours. The tissues are to be afterwards washed in 70 per 
cent, alcohol — not water — and transferred to 95 per cent, alcohol. 

2. Kleinenberg's Picro-Sulphuric Acid. — To 100 cc. of a cold 
saturated watery solution of picric acid add 2 cc. of concentrated 
sulphuric acid. This causes a copious precipitate. After twenty 
hours filter, and to the filtrate add 300 cc. of distilled water. 

Tissues are placed in this fluid for a comparatively short space of 
time — from a few minutes to two or six hours. The time should 
never exceed six hours. The liquid must be changed if it becomes 
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turbid. The hardening process is completed in alcohol. It is well 
adapted for embryological work. 

3. Picro-Nitric Acid (P. Mayer). — Some substitute nitric acid for 
the sulphuric acid, but for our purposes there is no advantage in 
this. Small pieces of tissue not over J cm. in diameter — prefer- 
ably those that contain little connective tissue — are hardened for 1-3 
hours. They are washed with alcohol until most of* the yellow 
colour disappears. Sections can be stained with hsematoxylin. 

4. Nitric Acid (AUmann). — Use a 3 per cent, watery solution of 
pure nitric acid. This has a sp. gr. of 1.02. Use as small pieces 
as possible, and leave them in the mixture just until they are fixed, 
i.e., from a quarter to half an hour. Strong solutions, if they act 
too long, dissolve the chromatin. The tissues are then haixloncd 
successively in 70, 80, and 90 per cent, alcohol. It is particnlarh' 
useful for preserving the nuclei of cells, mitotic figures, embryological 
tissues, and the retina. 

5. Per^nyi's Fluid : — 

Nitric Hci<l (10 per cent.) . . . 40 cc. 

Chromic acid (0.5 per cent.) . . . 30 ,, 

Alcohol . . . . . • 30 n 

It is a light greenish-blue liquid, and is specially useful for 
hardening ova and embryos. Time, 4-6 hours for a small embryo 
and 4-12 hours for the tissues of vertebrates. The tissue is trans- 
ferred direct to 75 per cent, alcohol without previous washing in 
water. Borax carmine may be added to it, and then this mixture* 
hardens and st.iins at the same time (Garbini). 

6. Chromo-Pormic Acid (Eabl's Fluid). — To 200 cc. of J per 
cent, chromic acid add four to five drops formic acid. It must be 
freshly prepared, and fresh tissues — small pieces — are placed in it 
for 1 2-24 hours. The tissues are thoroughly washed in water, and 
hardened in alcohol of gradually increasing strength. Sections can 
be stained in hssmatoxylin and safranin. It is specially useful for the 
study of mitosis and nuclei generally. It has this advantage, that 
tissues hardened in it do not afterwards darken. 

7. Chromo-Acetic Acid {Flemmimj). — As chromic acid by itst^If 
is apt to cause shrinking of some of the more delicate textures, it 
has been proposed to mix it with a substance which has an opposite 
eifect, such as acetic acid. The following combination is specially 
recommended by Flemming for fixing the achromatic spindle in 
cells : — 

Chromic acid .... |-J gram. 

Glacial acetic acid . . . . ^ cc. 

Water ..... 100 ,, 

The tissues must be small in size, not above 3-5 mm. in diameter. 
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They are hardened for twenty-four hours in this mixture, and afte^ 
wartls washed for twenty-four hours in water, and the liardeniug 
completed successively in 70, 80, and 90 per cent, alcohol — each for 
1 2-24 hours. Sections can be stained with hsBmatoxylin. 

8. Osmic Acid. — Make a i per cent, solution by dissolving i 
gram in 100 cc. of distilled water. This substance is rather ex- 
pensive, and is sold in scaled glass tubes. Carefully clean the 
surface of the tube, snip off one end of it, and place it with the 
requisite quantity of water in a glass stoppered bottle, which has 
been carefully cleaned, so that it does not contain a trace of 
organic matter. Organic matter decomposes it very rapidly. It takes 
several hours to dissolve. Some prefer to use normal saline solution 
instead of water to dissolve it. Its vapour is very irritating to the 
eyes and mucous membranes generally. It should be preserved in 
yellow-coloured bottles and kej)t in the dark. If a yellow bottle is 
not available, cover a bottle with brown or black paper. 

9. Osmic Acid Vapour. — This is most useful for thin membranes 
and glands. Tissues stain readily after its use. 

10. Chromo-Aceto-Osmic Acid (Flenuning's Fluid). — To 45 cc. 
of I per cent, chromic acid add 1 2 cc. of 2 per cent, osmic acid, 
and then 3 cc. of glacial acetic acid. This can be kept for a long 
time, and need not be kept in the dark. It is specially useful for 
fixing the figures in cell-division or mitosis, and for many other 
purposes. It " fixes " tissues in from a few hours to twenty-four 
hours or longer ; but the pieces must be small, 2-3 mm. thick, as it 
does not penetrate deeply. This is Flemming's " strong formula. ** 

A weaker fluid is sometimes used, and is prepared as follows : — 

Osmic acM ( I per cent.) . . . lo cc. 

Glacial acetic acid ( I per cent.) . . . 10 

Chromic acid ( I per cent. ) . . . 25 

Water ...... 55 



ft 

>» 
»» 



They must be thoroughly washed by being kept in running 
water for twelve hours, and then hardened in the various strengths 
of alcohol, 70, 80, and 90 per cent., each for twenty-four hours. 
Sections should be stained as soon as possible after they are made, 
as on keeping they do not stain so well. They may be stained with 
safranin, haematoxylin, or methyl- violet, but safranin is the best 
(p. 75), it stains the chromatin of the cells a bright red. Tissues 
hardened in it are not well adapted for teasing. 

11. Fol's Solution. — This is a modification of 10. It contains 
less osmic acid, and is used more generally. To 2 cc. of 1 per cent, 
osmic acid add 25 cc. of i per cent, chromic acid, five parts of 2 per 
cent, glacial acetic acid, and 68 cc. water. 

Precautions with Osmic Acid or Solutions containing it. — If a 
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tissue is to be hardened in a certain fluid, and to be treated with 
osmic acid afterwards, that tissue had better not be put into alcohol 
if it contains fat or fatty particles, as the alcohol dissolves the fat 
Thus, a tissue hardened in Mttller's fluid may be put into osmic acid, 
and the fat-cells will still be blackened. 

It has recently been shown that the prolonged action of turpen- 
tine, toluol, xylol, ether, and creasote, but not clove-oil or chloroform, 
MrUl decolorise particles of oil (fat) blackened by osmic acid. This 
is most important in connection with the osmic method for studying 
tlie absorption of fat in the small intestine (Lesson XXV.). 

Tissues containing fat may therefore be embedded in paraffin after 
iDeing passed through chloroform (p. 43). 

Osmic acid fixes fresh tissues very rapidly, but it does not pene- 
t;rate deeply ; therefore the tissues must be cut into very small pieces 
tx> get them fixed throughout by the acid. It has the power of 
differentiating tissues, the nuclei become yellow, fat, and the nervous 
system black. After twenty-four hours or so, the tissues are 
thoroughly washed in water and hardened in 90 per cent, alcohol. 
To avoid the blackening which is apt to occur in tissues still con- 
taining a trace of osmic acid, it has been proposed to treat the 
tissues with a weak solution of cyanide of potassium, and then to 
harden in alcohol. It enters into the composition of several 
hardening fluids (p. 32), and Hermann's fluid (Lesson XXXV.). 



D. Other Hardening Fluids. 

1. Bichloride of Mercury or Corrosive Sublimate.— -A saturated 
watery solution contains about 5 per cent, of the salt; but it is 
much more soluble in alcohol, especially alcohol of 50 to 60 per 
cent. Make a saturated watery solution, and also a saturated 
alcoholic solution. A saturated solution in o. 5 NaCl solution is 
also used. 

A cold saturated solution is best made as follows : — Place 60 
grams of it in 1000 cc. of water, and dissolve with the aid of heat. 
Filter the warm solution and allow it to cool. On cooling, long 
white needle-shaped crystals of the sublimate separate. The 
supernatant fluid is used, and the tissues, which must not be more 
than J cm. in diameter, remain in the fluid from 1-3 hours, accord- 
ing to their size. After fixation they are hardened in 70, 80, and 
90 per cent, alcohol. No metallic instruments are to be used. 
Use glass or wooden instruments. 

This is a most excellent hardening reagent, and it hardens tissues 
with great rapidity, so that tissues must not be left in it for too 
long a time. For small pieces, a quarter of an hour or thereby is 
6 C 
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suffiriont ; for l}irgc» ]>i<»ces, one to two hours. The pieces when 
fixe<l Ijectomo whitish thn)Ughoiit. 

For fjfanfh and ^(landular structures generally, a half-saturated 
alcoholic solution is most useful, i.e., to 50 cc. of a saturated 
alcoholic solution add 50 cc of 70 per cent, alcohol. Vignal 
recommends that to 100 cc. uf this mixture there be added 5 to 
6 drops of nitric acid. Th«3 i)ieces of glands, 4 mm. cubes, are 
hardened in one hour or so. The hardening is completed in 
alcohol. 

N.J). — All the corrosive sublimate must be washed out of the 
tissue — by alct)hol, not water — otherwise the sections will be 
dotted with small ]»lack si>ecks or star-like or needle-shaped crystals 
of the salt, or the salt may ])e removed by adding a few drops of an 
alcoholic solution of iodine to the alcohol used to complete the 
hardening, or ]j(^f(^re complete hardening in alcohol it may be 
steeiKid for 2-3 days in 70 per cent, alcohol, to which a few drops 
of tincture of iodine is added. 

The action of the salt may be accelerated by placing the tissues 
in the fluid heated to 38^ C. Sections stain readily with all the 
usual staining reagents. 

N.B. — Do not use metallic instruments to transfer the tissues 
from one vessel to another. Use glass or wood or horn. 

2. Other Fluids for special purposes are mentioned in the 
text 

General Directions oa Hardening. 

The tissues should be taken from the body as soon as possible 
after death, and transferred as soon as possible to the hardening 
fluid. 

Any blood adhering to the parts may be removed by washing 
them in normal saline solution. 

With a sharp razor cut the tissues in the same plane in which 
they are afterwards to be cut for sections. The tissue must be cut 
into small pieces, i.e., J to j inch cubes, except in the case of 
tissues to be hardened in Miiller's fluid. Tliey will harden better 
if they are small, say i cm. square. 

The best way is to suspend the tissues in the upper half of the 
fluid, which should always be many times the volume — 15-20— 
of the tissue. If it is inconvenient to suspend them, cover the 
bottom of the jar or wide-mouthed bottle in which they are placed 
with an old washed rag or blotting-paper to prevent the tissue from 
resting directly on the glass. 

The liquid must be changed within the first twenty-four hours, 
and again on the second day, then on the fourth, eighth, and twelfth 
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day, and once or twice afterwards, and on each occasion alter the 
position of the tissues. K the fluid becomes turbid, change it at 
once (p. 30). 

Label each bottle carefully, and place it in a cool place. Keep 
all chromic acid and solutions containing it or its salts in the 
dark. 

Tissues hardened in alcohol and picric acid must not be placed 
in water, but directly into the various strengths of alcohol, 
beginning with 50 per cent, and rising to 95 per cent. Wash 
out by means of alcohol as much of the picric acid as 
possible. 

For other tissues, hardened in chromium salts (p. 30), the excess 
of these salts may be removed from them by washing in water (for 
certain special purposes this is omitted), and they are then transferred 
first to weak spirit, in which they may remain a few days, and then 
to the stronger alcohols (p. 28). To avoid the deposits which occur 
in chromic acid preparations when they are placed in alcohol, keep 
th^n in the dark. If kept in the dark, as Hans Virchow has 
shown, there is no deposit formed when a tissue hardened in 
chromic acid or Miiller's fluid is placed in spirit. Kept in this 
way, I find that the alcohol remains quite clear and no deposit 
forms. 

Scheme for the Hardening of Tissues (Garbini). 

Fresh Object. 



Picric acid or 
solution con- 
taining it. 



Alcohol 
(Sop.c). 



Chromic acid or 
its compounds. 



Sublimate. 



Osmic acid. 



Runnin 



I water. Distilled water. 



Alcohol (50 p.c.) 
in dark. 



Running water. 



Alcohol (50 p.c.) Cyanide of Potassium, 
(iodated). 



Alcohol (70 p.c.) Alcohol (70 p.c.) 
in dark. (iodated). 



Alcohol (50 p.c). 

I 
I 



Aloohol (70 p. c). 
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Garhini divides hardening reagents into the two following classes, 
according as the tissues— after hardening — stain readily or do not 
stain readily with carmine : — 



Tissues stain readily after 
hardening in 



Tissues stain with diffi- 
culty after hardening 
in 



Vapour of osmic acid. 
Corrosive sublimate. 
Picric acid and solutions contain- 
ing it. 
Nitric acid. 

Silver nitrate (weak solution). 
Alcohol. 

Chromic acid and its compounds. 

Osmic acid in solution. 

Silver nitrate (strong solution). 

Ohloride of gold. 

Perchloride of iron. 



Alcohol, picric acid and its compounds, and nitric acid, coagulate 
the albumon of the tissues. Chromic acid, or solutions containing 
it, or its salU form chemical compounds with substances in the 
tissues. Osmic acid, mercuric chloride, and gold are decomposed 
when they come in contact with the tissues, and arc deposited in 
the tissues as an inorganic precipitate. 



VII.—DBCALCIFYINQ FLUIDS. 

Greneral Directions. — Use small i)arts of the tissue or organ, and 
a large quantity of the decalcifying solution. Renew the latter 
often. In all cases harden the tissue thoroughly, e.f/., in alcohol 
or Miiller^s fluid, before it is decalcified. After deailcification every 
trace of the decalcifying fluid must be thoroughly removed by pro- 
longed washing (for a day or two) in water or other fluid. The 
tissue is then linally hardened in alcohol. 

1. Chromic Acid. — . i to . 5 per cent. 

2. Chromic and Nitric Acid Fluid. 

Chromic acid ..... i gram. 
Water ...... 200 cc. 



Nitric acid 



o 



>> 



3. Chromic Acid and Hydrochloric Acid Fluid {BayerVs Fluid), 

Chromic acid . . . . . I part. 

Xi v,'l • • • • • •'>> 

Water ...... lOO i)arts. 

This is specially good for young bones and for ossifying bone, 
but it is solely for decalcifying. 

4. Saturated Solution of Picric Acid. — The solution must bo 
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saturated and kept saiurated. This is done by keeping some 
crystals of picric acid in the bottom of the bottle. There must be 
[i large volume of fluid, and the bone should bo suspended in the 
fluid. It usually requires a fortnight to decalcify a small bone. 
Picric acid acts as a fixing, hardening, and staining reagent. 

Xliev the bone is decalcified it should be washed and kept in 
spirit — not water — until no more yellow stain is given up to the 
alcohol. This rule, however, is not rigidly followed. 

5. V. Ebner's Fluid. — This fluid prevents the ground substance 
of l)one from swelling up. Sections should be examined in lo per 
cent, solution of sodic chloride, if it be desired to see the fibrillar 
structure of bone, but sections of bone softened in this way may bo 
mounted in other media, if it be desired to see the other details 
in the structure of bone. (See Bone.) It has the following com- 
position : — 

Alcohol ..... 500 ec. 

Water ...... 100 ,, 

Sodic chloride . . . . • 2. 5 grams. 

Hydrochloric acid . . . 2.5 cc. 

6. Picro-Sulphuric Acid or Picro-Nitric Acid (p. 31). 

7. Arsenic Acid. — I find that a 4 per cent, solution of this acid 
rapidly decalcifies a bone at 30° to 40° C. The tissues, after harden- 
ing in alcohol, are well preserved and stain readily. 

8. Ghromo-Osmic Acid {Haug), 

Osmic acid (i per cent.) . . .10 cc. 

Chromic acid ( i per cent. ) . . -25 

Water . . . . . "65 






Very useful for delicate tissues, e,g.^ very young developing teeth. 
Wash in water and harden in 70 per cent, alcohol. 

9. Phloroglucin Method. — Dissolve with the aid of gentle heat 
I gram of phloroglucin in 10 cc. pure non-fuming nitric acid. To 
the red fluid add 100 cc. of 10 per cent, watery solution of nitric 
acid. The following mixture acts more slowly : — 

Phloroglucin ..... I gram. 

Nitric acid . . . . 5 cc. 

Alcohol . . . . . 70 ,, 

Water . . . . • 30 >> 

Phloroglucin itself does not decalcify, it only jn-otects the tissues 
from the action of the nitric acid. By this method decalcification 
can be done very rapidly, even in a i^w hours. 1 find that a portion 
of a human clavicle about an inch in length is softened in 12-16 
hours, the outer surface being stained slightly red. 

Methods. — The bone should bp cut into short pieces and placed 
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in a larye volume of the fluid. If chromic acid be used, the bone 
must be first hardened in this fluid. Place it in .i per cent, 
chromic acid for twenty-four hours , renew the fluid, but use .2 per 
cent., and after a week use .5 per cent. ; shake the vessel from time 
to time, to bring new fluid into contact with the tissue. 

If a more rapid process is desired, after the bone has been two or 
tliree days in dilute chromic acid (.2 per cent.), use the chromic 
and nitric acid fluid. Dc^calcification requires about fourteen days. 

To test for tlie removal of all the salts, push a needle into the 
bone, or make a section with a bhint razor. Obstruction in either 
case denotes that the bone has not been suflSciently decalcified. In 
most cases, the bony tissues should be hardened before they are 
decalcified. Tliis is specially the case in connection with bone 
softened in chromic acid. It is better to harden them first in 
Miiller's fluid, and then to decalcify them in chromic and nitric 
acid fluid (p. 36). 

Bone decalcified in chromic acid must be thoroughly washed in 
running water for many hours to remove all the chromic salts, and 
is then transferred to 70 per cent, spirit and kept in tJve darky other- 
wise there will be a copious deposit. Renew the spirit, and transfer 
the tissue to strong alcohol, still keeping it in the dark. 

If a bone is to be softened in i)icric acid, it may be placed at once 
in this fluid, with the precaution indicated at p. 37. It need not 
be kept in the dark, but it is better to remove as much as i)ossible 
of the yellow stain by means of alcohol. It decalcifies somewhat 
more slowly than chromic acid. 



VIII.— METHOD OF PREPARING TISSUES AND 
ORGANS FOR MICROSCOPICAL EXAMINA- 
TION. 

As most of the tissues require to be hardened, and it is frequently 
impossible to obtain human tissues sufficiently fresh, recourse must 
bo had to the fresh tissues of animals. As frequently as possible, 
liowever, human tissues should bo secured. ^lost of the tissues 
may be obtained from a cat, rabbit, or guinea-pig, and for certain 
special purposes the dog, frog, newt, and salamander are used. 

The cat, rabbit, or guinea-pig — or, better, all three — are killed 
])y chloroform. The animals are placed in an air-tight box — a 
large saucepan does very well — along with a sponge saturated with 
chloroform. Small animals may bo chloroformed under a bell-jar. 
As soon as the animal is dead, open the thorax by a longitudinal 
incision through the costal cartilages — right and left — raise the 
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sternum, expose the pericardium, open it, and with a pair of scissois 
make a snip into the right auricle of the heart, and allow the animal 
to bleed freely. 

It is best to begin by removing the brain and spinal cord. They 
nrc hardened in Miiller's fluid or potassic bichromate (2 per cent.), 
o.nd. must be placed in a large volume of fluid. A few spinal 
ganglia should also bo found and hardened in the same way. 

Remove the trachea and lungs, and fill the lungs and trachea of 
"tbe rabbit with a \ per cent, solution of chromic acid. 

This is readily effected by tying a funnel into the trachea and 
pouring in the fluid. By squeezing the lungs gently much air ia 
:furced out, and the fluid gradually runs into and distends the 
lungs, which, when distended, are placed in a large volume of the 
same fluid. The chromic acid and spirit mixture may be used 
instead of pure chromic acid. 

Fill the windpipe and lungs of the guinea-pig with J per cent, 
silver nitrate. (See Lungs.) 

Remove the heart, and harden it in alcohol, after washing away 
any blood with normal saline. 

The central tendon of the diaphragm may be preserved for 
silvering. (Lesson IV.) 

The omentum and mesentery, if desired, are silvered. (Lesson 

Open the abdomen, remove the liver, cut it into small pieces ; 
harden some pieces in Miiller^s fluid, and others in spirit. 

Take out the tongue and oesophagus ; harden them in Miiller*s 
fluid. 

Oj)en the stomach and intestine, wash away any food residues 
hy means of normal saline. Harden part of tlie stomach — cardiac 
and pyloric — in absolute alcohol, other pieces in Mliller's fluid, 
and others in corrosive sublimate, and small pieces in osmic acid. 
(See Lesson on Stomach and Intestine.) 

The duodenum and small and large intestine are hardened in 
the same way, although the bichromate and chromic acid mixture 
(p. 29) is particularly good for the small intestine. 

The salivary glands and pancreas are removed and hardened ])y 
the methods given under these headings, i.e., small pieces are placed 
in each of the following solutions : — Absolute alcohol, osmic acid, 
corrosive sublimate, &c. 

Remove the lower jaw, cut it into short pieces, place it in .2 per 
cent, chromic acid for a few days, and then decalcify it in chromic 
and nitric fluid. This will yield sections of softened tooth. 

Remove the kidneys, cut one longitudinally and the other trans- 
versely. Using the kidneys of different animals, harden pieces of 
each in the following fluids : — Miiller's fluid, chromic acid and spirit. 
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ammonium chromate, and corrosive sublimate. Other methods of 
preparing the kidney are referred to. (Lesson on Kidney.) 

The bladder is best hardened in chromic acid and spirit mixture, 
or in Muller's fluid. 

Harden the spleen, without cutting into it, in Miiller's fluid. 

The suprarenals may be hardened in picro-sulphuric acid. 
(lesson on Suprarenal Capsules.) 

Small lymphatic glands from the region of the neck or 8ul>- 
niaxillary region are hardened in alcohol, while others are injected 
with silver nitrate and osmic acid. (Ijcsson on Lymphatics.) 

If desired, the large nerve-trunks may be removed and hardened 
as indicated in Lesson on Nerves, or the smaller branches of nerves 
may be used for showing the etfects of the action of certain reagents 
on nerve-fibres. 

Remove some of the long bones, leaving in each case the peri- 
osteum attached to the bone. Cut the bones into pieces al)out 
^ inch long, and i)lace them for a week in ^ per cent, chromic acid, 
and then decalcify them with picric acid, or chromic and nitric 
acid fluid, or Ebner's fluid. (Lesson XIII.) 

In every case decalcify the ends of the bones, so as to have a 
section which will demonstrate the relation between the articular 
cartilage and the osseous tissue. 

Place small pieces of striped muscle in ^ per cent, chromic acid, 
and other pieces in alcohol. 

Nerves, with the precautions givim in Lesson on Nerves, are 
hardened in osmic acid, potassic bichromate (2 per cent.), alcohol, 
or picric acid. 

For the methods of hardening the eye, ear, nose, see the Lessons 
on these subjects. 

The testis — very small pieces — is best hardened in Flemming's 
mixture, and larger pieces in Miiller's fluid. 

For the methods of hardening tlie ovary. Fallopian tube, and 
uterus, see the Lessons on these subjects. 

N.B. — Label every bottle, and write on the bottle the name of 
the hardening fluid used, and the dates on which it was changed. 



I X.— B M B B D D I N G. 

Tliis is necessary for many tissues ; the j)iece of tissue may be 
either too small to be conveniently held in the hand, or its parts 
may tend to fall asunder before or after they are cut. 

There are two methods, one simple embedding, where the tissue 
is simply fixed or placed in another medium to hold it while it is 
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being cut, and the other interstitial embedding, where the sub- 
stance used for the embedding process is made to penetrate into 
the interstices of the tissue. 

A. Simple Embedding. — 1. The tissue may be clamped between 
two pieces of carrot, scooped out to receive it, or in elder pith, or 
(what is very convenient) between two pieces of amyloid or waxy 
liver hardened in alcohol. 

2. Paraffin. — It is sometimes desirable to surround the tissue 
with paraffin or some such medium. The embedding medium 
should be about the same degree of hardness as the tissue. 

Two paraffins are required, a hard paraffin melting at 6o° and a 
soft one at 45° C. For use they may be mixed as follows : — 

J / Hard paraffin . . . . i part 

\ Soft paraffin . . . . i ,, 

jj f Hard paraffin . . . . i ,, 

' \ Soft paraffin .... 2 parts. 

Two parts of the hard paraffin and one of the soft yield a mixture 
which cuts well when the temperature of the room is 21° C. 
(70" F.), but a softer paraffin is easily made by mixing two parts of 
the hard paraffin with one part of chrisma or vaseline. The 
mixture can be made softer by the addition of a little more 
viseline, and harder by adding more paraffin. The paraffin 
mixture is heated on a water-bath or sand-bath until it melts, 
])ut its temperature is raised as little as possible above its 
melting-point. It is convenient to melt it in a porcelain 
dish with a wooden handle. The tissue is removed from 
alcohol, the surplus alcohol removed by wiping it with l)lotting- 
l)aper, until the surface is dry. It is then placed in melted j^iraffin, 
and retained in it until the paraffin solidifies. The melted ])araffin 
can be run into embedding boxes of paper (fig. 30), or the cni])cd- 
ding L's may be used (p. 44), but this simple method is now but 
rarely used. It has been almost entirely displaced by the following 
method. 

B. Infiltration Method or Interstitial Embedding. 

1. Embedding in Gum. — The tissues after being hardened must 
have all their alcohol removed by prolonged soaking in water. 
They are then transferred to gum mucilage, or a mixture of gum and 
syrup, in which they can be preserved until they are required for 
freezing, if freezing is to be the process used for cutting the sections. 

Tissues saturated with and embedded in gum mucilage may be 
liaixlened in alcohol and then cut. The sections are placed in 
water, which dissolves out the gum. 

2. Saturation with, or Infiltration with, and Embedding in 
Paraffin — Interstitial Embedding. — In this case the embedding 
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medium is niaib to i>enctmte into tlic tissue, ami when it sets, it thus 
supports all its component parts. This method is extremely valuable, 
especially for brittle and friable tissues, and is largely used. More- 
over, the tis-niPH once embedded can be kept in a box, each duly 
labelled, for any length of time. 

Ik[ake a mixture of two i>arta of hard paraffin and one part of 
soft ; jilaco the mixture in a small copper pan or capsule in a hot- 
nir oven, kept at a constant temperature by means of a gas regu- 
lator. The gaa supply must be so arranged that the thermometer 




atcwidy rcgi'ftpri at i lost i C jlove the meltingioint of the 
piraffin Or the jiaraffin niav 1 e melte I and kej t melted in a 
little copper \cs8ol, place I m a hot water Inth kept at a constant 
temporatute ns shown m fig 29 The tenipemturo is kept con- 
stant bj means of a gis re^ulatoi 11 7 is for filliLig tlie instru- 
ment «itli natcr air are e nix 1 ling \eis( Is and pots. 

The tissues to be saturated and embedded shoul 1 not be large, 
and they must be thoroughly dehydrated 1 ecp then tlierefore, 
several hours in absolute ale hoi Phee tl em lircct int>i tur- 
pentine creosote Imizol toluol erxil 1 — M>me ii c eliloroforni, bu'^ 
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turpentine, toluol, or xylol is to be preferred. The turpentine or 
xylol penetrates into the tissue, displaces the alcohol, and makes 
the tissue itself transparent. If the tissue be very small, this will 
be done in an hour or so ; if it be larger, of course a longer time 
will be required. Thus the time may vary, according to the size 
and nature of the tissue, from one to six hours. 

Transfer the specimens from the clarifying medium, and place 
them in the melted paraffin, where they may remain 2-10 hours, 
according to the size and nature of the tissue. By the end of that 
time they will be thoroughly impregnated or saturated with the 
paraffin. 

For delicate tissues, however, it is better not to transfer them 
<lir(*ct from the clarifying medium to pure paraffin, but to place 
them first of all in a mixture of toluol and paraffin, or turpentine 
and paraffin, for an hour or two. In the thermostat at So^-ss" C. 
the toluol gradually evaporates, so that nearly pure paraffin remains, 
and the saturation with paraffin has been accomplished more 
gradually. The object is then finally placed in pure paraffin for 
several hours. 

Some prefer chloroform as a clarifying agent and as a solvent for 
paraffin instead of toluol or turpentine. Objects transferred from 
absolute alcohol at first float on the surface of the chloroform, but 
as the latter penetrates them and displaces the alcohol thoy sink. 
They are then embedded in a chloroform paraffin mixture and 
finally in pure paraffin. 

The 'time (in hours) required for immersion in the several fluids 
for jneces of tissue of various sizes is approximately as follows 
(Bdhrn and Oppel) : — 



Small Objects 

less than 
1 mm. diam. 



Al)solute alcohol 
Toluol or turpeutine 



Objects 

about 5 mm. 

diam. 



6 
2-3 



Larger 

Objects about 

5 mm. diam. 



24 
3-4 



Very large Objects. 



A loiif^er time, 
but at tlifi ex- 
pense of thi'ir 
quality. 



Objects are now placed in the thermostiit or bath. 



Tohiol or turpcn- 

tine-fMiraflin 
Paraflin . 



4 
2 



6 
3-4 



Objects may remain longer in the paraffin without damage, 
provided they have been completely dehydrated. 
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The metlicxl of interstitial embedding is particularly useful for 
tissues stained " in bulk " or en masse. The tissues or organ may 
be stained before the process is begun, or sections may be (nit and 
stained afterwards. 

To Stain "in bulk" before embedding. — Pieces of the tissue a 
few millimetres square are placed in borax-carmine or Kleincn- 
iKjrg's logwood for 10-24 or 48 hours, according to the size and 
nature of tlie tissue. If they be placed in borax-carmine, the pieces 
are transferred to acid alcoliol for 24 hours, and then transferrcil to 
various strengtlis of alcohol, and finally to absolute alcohol, by 
which they are completely dehydrated. The tissues stained with 
Kleinenberg's logwood are well washed in spirit, and transferred 
to absolute alcohol to be dehydrated. These dehydrated stained 
masses are then placed in turpentine or xylol, and then in melted 
paraffin, as described alcove. 

Process of Embedding in Parafl&n. — This is the same both for 
the simple and the saturation methods. Use embedding L's, which 
consist of two L-shapcd pieces of lead about J inch high, the long 

arm about 2 inches long and the short 
one \ inch. Their inner surfaces are 
moistened with glycerine, and the L*s 



themselves are placed on a piece of glass, coated with glycerine, to 
enable the paraffin to se])arate easily, with the long limb of the 
one in contact with the short limb of the other, thus making a 
rectangular box, the size of which can be increased as required. 
Fill the trough with melted paraffin. 

Take the tissue— if for simple embedding — direct from alcohol ; 
dry its surfaces with bibulous paper, to remove any alcohol which 
would prevent the paraffin from adhering to it; pour the melted 
paraffin into the trough, transfix the tissue with a fine pin, plunge 
it into the paraffin just when the latter begins to set at the edges, 
move the tissue in the still fluid paraffin to one end of the trough, 
and hold it there until the mass sets around it. 

If the tissue has been previously saturated with paraffin, the 
trough is filled as before, and the tissue, saturated with paraffin, is 
taken, by means of a hot needle, from the fluid warm paraffin, and 
fixed in the trough in the same way as described above. It is not 
always necessary to transfix the tissue with a pin or needle, but it 
is sometimes convenient to do so. Insert the needle in the 
direction of the cutting plane, thus indicating afterwards (when 
the mass is set) the direction in which the section is to be cut. A 
little paraffin may be poured into the trough, and when it just 
begins to set, the tissue is laid on it, and another layer of melted 
paraffin is poured over it as soon as its surfaces are set. Place the 
whole under the tap, and allow cold water to run over it to 
? 
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—Embedding Box. 
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acceleisto the cooling, as paraffin cooled rapidlyiw more homogeneous 
and cuts better than when it is cooled slowly. In alx)ut half-an- 
hour the (larallin has set, and can be removed from the mould. 

EmbeddiDg Boxes (fig. 30) may be 
made from a rectangular 
piec« of writing - paper 
folded to the size required. 
The paper is first folded r 
along the lines aa' and hb', 
then along ca' and dd, 
always folding the paper 
towiurds the same side. 
The diagonals AA'-Diy 
are indented by means of a 
tbe point of a lead pencil, 
or the paper is folded 
'j.long these lines. These 
comers are then bent up 
between the fore-flngcr and thumb, and then bent round, so us to 
be applied to the sides AB and CD of the oblong, and arc fixed 
there by turning down the flajis f. 

Embedding in Pa lufBiL — Tliefollowingscheme shows the stages: — 
(1.) Harden, either from the first or subsequent to other agents 

in absolute alcohol. 
^2,) Xylol or turpentine (24 hours). 
(3.) In warm paraffin fluid at 50° C. {1-12). 
(4.) Embed and allow paraffin to cool. 
(5.) Cut sections, and in some cases fix them on slide with 

a fixative (p. 60). 
(6.) Remove paraffin by turpentine or xylol. 
(7.) Alcohol to remove xylol. 
(8.) Add water and then stain, &c. 
3. Embedding in Celloidin. — This methml is specially vuluable 
where the parts of an oi^n when cut into sections are apt to fall 
asunder. It is specially valuable in such as those of the ovary, 
central nervous system, retina, &c. 

Celloidin is a form of nitro-celltilose or pyroxylin, or solidified 
collodion, and ia sold in two forms, one in tablets and the other in 
cuttings, E. Schering's is the best, and the form sold in "cuttings" 
is to be pri.'erred. Do not let its solution dry, aa it is then difficult 
to retlissolve it. 

Tliis method was invented by Duval, who usi;d collodion, and 
improved by Schiefferdecker. Preiiare the solutions of celloidin 
t^ dissolving the latter in equal parts of absolute alcohol and 
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«!tliiT. Thu lirrit, or weaker solution, is made of a thin conaiBteiic< 
like cuUoilioii liuplcx, th<' other is made stronger, until k has a thick 
nynipy conaiatence. 

The hiinlened tissue is placed for some time in absolute alcohol, 
and then for several days, or until it is completely saturated, in a 
mixture of equal parts of absolute alcohol and ether. After this it 
is placed in a glass-sto|i[irrt;il bottle in the thin solution of celloidin 
until it is completely liatur.ited with it (3-3 days). Transfer the 
tissue to syrupy eelloidin, and let it remain there for several days 
until the tissue is thoroughly iniiltrat«d with eelloidin. 
Some use three strengths of eelloidin solution : — 

0-) A thick nyrup cmisistence. 

(i) Oiieliiirt of 11) diluted with 2 vob. of ether. 

(3.) One[iartort2)dilul«d with2 vols, of ether. 

After thorough infiltration the tissue his to be embedded. For 
this purpose make i imjicr h- x (fig 30) or use a pill-box, or embed 
it on I cork thus Take a cork corresponding 
to the size of the object roughen one end of 
it and surround it with a piece of paper 
fastened by a pin (hg 31). Moisten the 
I roughcnc 1 snrfaL« with absolute alcohol, and 
a it place th<. tissue mhltrated with eelloidin, 
and surround the latter with the thick solution 
of eelloidin Allow it to stand until the eel- 
loidin begins to harden on the surface. This 
takes ]>ljce 111 less than an hour. Place the 
bo\ or LOrk, as the case may be, in 80 per cent. 
ilcohol for 24-48 hours, which hardens the 
telloiJm to such a consistence that it can be 
cut like a stiff cheese, but the sections must be 
Md*^*"' th"a t'\ '^'^^ with a knife wetted with 70 per cent 
sinker ijcohol It IS immaterial which microtome is 

used, as long as the knife is moistened with 
not too strong alcohol The sections may be transferred to alcohol 
or water, and stained with iiiy suitable dye. Some dyes stain the 
eelloidin, especially the andine dyes, and others do not 

A section after being stained m^iy he mounted in glycerine or 
balsam, but in the latter Cdse alisoluto alcohol cannot be used to 
dehydrate them, as eelloidin is soluble in this fluid. Alcohol (95 
per cent) mu«t thereforo bo ll^pd for tliia purpose. Moreover, tlie 
sections must be chrified by origanum or bergamot oil — not by oil 
of clo\es, which has a soheiit action on the eelloidin — and mounted 
jn balsam (See also Claiifying Reagents.) 

Objects embedded in eelloidin may be kept ready for cutting for 
an indefinite time in 75-80 per cent, alcohol. 
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In cutting sections embedded in celloidin, the knife must be so 
placed as to cut with as much of the blade as possible. The 
hardened celloidin is fixed to a piece of cork, which is clamped in 
the microtome. 

If, however, it be desired to cut sections embedded in celloidin 
by the freezing method, the following procedure must be adopted. 
After the tissue embedded in celloidin has been hardened in alcohol, 
whereby it becomes not only " hardened '' but somewhat milky in 
appearance, the alcohol must be got rid of, which is done by 
keeping it in running water for twenty four hours, when it is 
transferred to a freezing mixture of gum and syrup (p. 49). This 
freezing fluid gradually penetrates the cheesy-like mass, and dis- 
places the water. Such a preparation can be frozen in an ordinary 
microtome. 

For embedding and cutting in celloidin, the following are the 
stages : — 

(1.) Organ hardened, either at first or subsequently, in absolute 

alcohol. 
(2.) Then in a mixture of equal parts of absolute alcohol and 

ether (1-2 days). 
(3.) In dilute celloidin mixture (1-5 days). 
(4.) In thick celloidin mixture (1-5 days). 
(5.) Object placed on cork and exposed to air to dry. 
(6.) Then in 80 per cent, spirit (i day). 
(7.) Cut sections. 
(8.) Stain and wash them. 
(9.) Dehydrate them in 96 per cent, alcohol (and perhaps 1-2 

minutes in absolute alcohol). 
(10.) Clarify with origanum oil, xylol, cedar orbergamot oil. 
(11.) Mount in balsam. 

Supi)Ose a piece of the human spinal cord is to be embedded in 
celloidin. After being hardened properly it is transferred from 
absolute alcohol to ether, for not more than twenty- four hours. It 
is then placed for 6-S days in solution of celloidin (3), in solution 
(2) four or five days and in solution (1) two or three days. It is 
then embedded in celloidin as described above, and when it begins 
to harden by evaporation of the ether and alcohol it is transferred 
to 80 per cent, alcohol ^f or three or four days, which finally hardens 
it, but it must be completely covered with spirit. If it is to be 
preserved for some time before it is cut, keep it in 70 per cent, 
alcohol. 

Sections of an organ embedded in celloidin may also be clarified 
by means of creosote, or a mixture of i part of creosote and 3 of 
xylol, which, however, must be quite water-free. 
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Scheme for Infiltration and Einheddintj (Bohm and Oppel). 

90 i>er cent, alcohol. 



Staining iu bulk, e,g,^ borax carmine or hsematoxylin, 
and washing out the surplus stain. 



Absolute alcohol. 



PL, 



Toluol or tuqHjntine. 



Toluol or turiientiue-iwiraflin. 



Paraffin. 



embedding. 



O 

n 



Ether. 



Celloidin solution, No. 3. 



Celloidin so 



ution, No. 2. 



Celloidin solution, No. i. 



Embedding. 



80 i)er cent alcohol. 



Object ready to be cut into sections. 



X.— SECTION CUTTING. 

1. With a Razor. — It is absolutely essential to have a sharp 
razor if sections are to be cut by hand, and it is well that the 
student should practise this method. 

Moisten the blade of the razor with 90 per cent, alcohol, and 
place some alcohol in an oblong glass vessel. Dip the cutting blade or 
razor into the alcohol after every third or fourth section. Grasp the 
razor tightly with the right hand, so that its blade is horizontal, its 
edge directed to the operator, whose fingers are pressed against the 
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back of the blade, tbo back of the hiinJ being directed upwards. 
The razor is madu to gUilo tlirough the tissue, cutting as thin 
se<;tiona as possihlo, wlitcli are placed in alcoliol. TIib tisauo to be 
cut may be embedded in any of the ways already described, and it 
's held in. the left hand while being cut. 

A razor ought to be sharp and free from notches ia its cutting 
edge. A razor with notclies in its edge causes striated bands iu 
the section. Notches can readily ba detected hy drawing the rosior 
across one's nail or over a piece of -cardboard. In sharpening tbo 
razor use a soft hone moiatened with water, then lay the razor flat 
on the hone and draw it diagonally from heel to point, with the 
edge forwards. 

The razor must be frequently stropped to keep it sharp, and it 
should not be hollow-ground ; it is betti'-r to bo flat on one side. 

2. Valentin's Knifa (fig. 32) consists of two parallel blades, 
whicli can be placed at a greater or less distance from each other by 



means of the screw (a). The blades are first set apart at the 
required distance; the thickness of the section depends on the 
distance between them. The knifo was formerly much used hy 
pitlioli^sta for making sections of fresh organs. It is now rarely 

3. Hicrotomes. — For many purposes some form of freezing 
microtome will be found most convenient for teaching purpoKes ; 
wjicre a large number of sections is required it is indis- 
pensable. 

Preparation of Hardened Tissues for Cutting by Freezing'. — 
In order to secure the full ndvantagt^s of cutting sections by frcoz- 
itig, the tissues must be previously soaked in and saturated W'itb 
proper "freezing fluids." If the tissues bo kept in alcohol, first 
remove all the alcohol by soaking them fur twenty-four houre in 
running water. After this the tissue is soaked in gum mucilage, 
or, what is preferable, a mixture of giua and ayrup. The best 
r<.>ceipt is that of Hamilton. 

Make a sj-rup of 28.5 grams of pure cane-sugar iu 30 cc. of 
wutpr ; boil and saturatii it n'itli lioracic acid. Allow it to cool and 
filter. Place 45.6 gr.mif! uf i;uni acncia in 2400 cc. nf cold water, 
allow it to dis.solve, suturalu it witli boi'acic atid by boiling, and 
filter. 
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Boil aiiJ wituratfl; wbilc hot with Iwmcic acid. Filter through 
munlin. 

The tissuL's am soiikcil fur tivetity-foiir hours or longer in this 
fluid, i.e., aft^ir removal of all akohol from them. The longer thoy 
arc ki^i>t in it tlin hi'ttiT ; in fact, tissues may 1« kejit permanently 
n-ady f.>r fnr^iii- in this fluid. 

Rutherford's Ice-Freeziiig Microtome (lig. 33). — By means of a 
liiiely^raduated BurijM- a lirasa iilnf; can bo raised or lowered insiile 




a brass cylinder. At the top of this cylinder is a etage or plate (B). 
The plug liaa a small flattened brass knob screwed into it, so as to 
catch the frozen mass, and prevent it from being detached (K). 
Practically this is the arrangement of the microtome devised by the 
late A, B. Stirling, curator of the Anatomical JIuseum of the 
University of likiinburgh. To tliis arrangement Professor Ruthcr- 
Xoid added an ici^box (C), which surrounds the uppor part of the 
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brass cylinder or well. This box is provided with an exit-tube 
(H), to allow the water resulting from the melting of the ice to 
escape* The size of the cylinder varies from 1-2 inches in 
diameter, but for most purposes one with a diameter of i inch will 
be found sufficient. The ice-box is covered on the outside with a 
thick Liyer of gutta-percha. Professor Hamilton, of Aberdeen, first 
suggested the addition of a glass top to be screwed upon the plate 
of the instrument. 

By far the most convenient cutting tool for use with this micro- 
tome is an ordinary planing-iron fitted with a handle, as recommended 
by Dclepine (fig. 35). 

Above all, the tissue must have been properly hardened, and 
previously steeped in a freezing fluid, either gum mucilage or gum 
and syrup, after removal of all alcohol from it (p. 50). 

In using this instrument, screw the plug down to the necessary 
depth, thus making a well of the required depth — at least half the 
depth of the cylinder — and into the well drop a few drops of 
glycerine, or put a little lard round the line of contact of the plug 
and the cylinder. This is to prevent any of the fluid passing down 
between the plug and the cylinder. 

Fill the ice-box with a mixture of pounded ice and salt, and 
pack it well around the central brass cylinder. Keep a cork in 
the exit tube H, and only allow the fluid to flow away when it 
accumulates in large amount. In a short time the temperature of 
the plug is greatly reduced. Pour into the well a little mucilage 
(BP), sufficient to form a layer about ^ inch thick, and allow this 
to freeze. The piece of tissue taken from the freezing mixture is 
lifted with a pair of forceps, and put into the well, so that it 
touches and adheres to that part of the well farthest away from the 
operator. 

When the tissue is fixed, fill up the well with mucilage and 
cover it with a piece of sheet india-rubber, and keep the latter 
in position by a weight. This is to prevent the entrance of the 
freezing mixture into the well. 

Supposing the tissue to be frozen, the operator seizes the 
elevating screw P with his left hand, and in his right holds the 
planing iron, which is fixed in a wooden handle. With the left 
hand the operator turns the screw, i.e.^ elevates the tissue, while as 
rapidly as he chooses with his right hand the planing iron, firmly 
pressed on the glass plate at (about) an angle of 45", is pushed 
rapidly forwards and drawn backwards, and in a few seconds 
twenty or thirty sections accumulate on the upper surface of the 
planing iron. By means of a large camel's-hair brush they are 
transferred to a large quantity of water, whereby the gum contained 
within them is dissolved and the sections themselves uncurl. One 
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tuuiiul cut nil LiiieuuB with oijiial rapidity. In tliu cuee of i 
tissues uiiil urgana (as elosliu tissiic, lun^, kidiwy, Sec), after ttu 
ntv coinplet«.-ly frozen, u ijiiurti^r of itn liour \vill suffice, if a [JaniB_ 
iron be eniployiHl, to cut mure lliati n thuusiLuil Heittions- Tbi% 
liowcvcr, caimot be done with seutiuns nf the cerchrura, cerobellum, 
or i^pinal cord. With these uiii] tvith soiuo other oi^us it is 
bottiir to tut liucli suctiuu aiuyly. 





If nnc has sevoral tiasuus to cut, tlit' hqh tissue can l>e enihuddetl 
above the other in the instrument at the same time. 

This instrument, however, has otlicr advantages, as it can h 
used also as an ether-freezing microtoTiie. Flaee the tissiK 
previously saturated with the freezing fluid, upon the zinc plat 
Z, and cover it with niueilage. By means of an ether-spnrt 
producer N^, direct a ai>ray of anhydrous ether from the bottle Q 
against the tmder siitface of the zinc plate Z. 

In order to economise ether, any iion-volatiliaed i' colit 
and returned by the tube T to the bottle 0. 
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111 ueing the iiiatrumcnt in tliis way, liowi'vcr, tlio picra) of Whsuc 
must be thin, not iiiht'i; tliun 5-7 nun. in thiukneaa, or thernby. 

Cathcart's rreezing HHcrotome (fig. 34).- — The instrument 13 
scmwcil to a tabic by means of a. climp (C) Fit by meiuia of gum 
the tisHuc til bo irozen, n t more tl an i tl ck upon tl z nc 

plate. I'ill tha hottlu 1 th ctl cr and [ t ti spray a]|iar t 
under the zinc plate. Work the wpray apparatus 1 1 tl e h^o 

anil tissue arc frozen. 

■Sections are cut by means of a Hat kn fe p Bhod a1 „ o the 
glass 8Upports(GG), 
the tissue being 
raised by the targe 
milled head placed 
underneath (if). 

Tlie sections are 
rfimoved from the 
knife by means of 
a cunielVhair pen- 
cil, and placed in 
water. 

Fig. 35 shows 
Calhcjirt's micro- 
tome clamped to a 
tnble, and the 
method of cutting 
sections by means 
of a ]>laning iron. 
The pbtiing iron is fiu, 35,-Sh.iwiHc ho* tn <m- tv Pi„i,iiii! irou ror 

uHoil in exactly the fiiiiiTJs Si.-tUuiia, 

same way as for Eutherford'n niitTotnnic 

Boy's Hicrotome (Freezing), Modified by Malassez (!\t-. 36).— 
Tliis instrument is estremely convenient, the cutting iuatrument 
being an ordinary razor. Insteail of ether, Jlalassez uses chloride 
of mctliy], which is preserved in n stout metallic flask. A stream 
of the methyl chloride is direeteil against the under siirfiwe of the plate 
on which til c tiaaiie to be frozen is placed. It freezes niiicli more 
rapidly thiiu with ether. 

Cutting a Continuous Series of Sections in FarafOn. — For thi-; 
purpose the "rocking microtome " (lig. 37) of the Cambridgi' 
ficientific Instrument Company, or Minot'a microtome, is most 
useful. 

Embed the tissue in jiaraffin in tho usual ivay ; place the razor 111 
position, and fix the embedded tissne to the end of tho brass cap on 
tho horizontal bar. Move the brass cap, with its mlhcrent cni- 
beddnl tie-'tie, forwanls, until it toncbcs the knifc-odye. Tlie 
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liorizoutaJ bur lius mi axle which nioveis in u V-ahuptd pivot. At 




Flo, 37.— CBnibriilge Rockiiin Jllcrutonie. 

raises t!io liovinitjita,! I)iiv, imd at the mmm timu nuives a 



a toothed H 
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wheel, which ia puslitd round hy a sniall catch, wheruby the ^n^v 
bearing the pivot is raised. At the same time the embedded tissue 
ill paraffin on the horizoulal bur is broii(;ht dowu into contact witli 
the edge of the razot. 

The piece ot jiaraffin should liave ita sides squared, aiid tiie twn 
faces looliing upwards and downwards ehoulil bo coated with soft 
paraffin, i.e., with a. low meltiag-point (48° C.). This is to enable 
the one section to adhere to the other. On working tlie instru- 
ment, the sections come off in " chains " or ribbons, and can be 
caught upon a plate of glass. It the sections tend to curl up, they 
may he " flattened" by being placed, in not too warm, water, 

Minot's Ificrotome. — In this microtonie, which is one of the 
liest microtomes yet invented for embedded tissues, na shown in ii^'. 
38, the knife is fixed while the oLibadded tissue — in ]iaruffin — lixod 
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can Ik) rnt varying from ^, ^. j^, Jg, ,V. *" nr *»>»■ Inatead 
gf Uio knife eu]>f>Iieil with thi' uppnmtiis, & razor may ho iised. 

The sections can be refeiveU on 

I silk ribbon, as shown in fig. 39. 

This is cliiniped to the niiimratus. 

^Tlic auctions are rcci-iveil on the 

limn, wlikh is rotjitcil \iy iitiiana 

i. milled lieiid 

Jung's or Thoma's Microtome. 
— Ill tliis iiit;tnimtnt tlic tissue to 
Ih: cut is fixed in a clump, the^ 
knife is fixed in another lieavyV 
cbmp which moves on planed s 
fnces. After each section 
tissue is ptiahed up an inclincq 
plane by means of the milled he. 
on the extreme riyht of the fi^r^ 
(lif;. 40). ' 

Halassez'a Modification 
Eoy's'Microtome(tig. 41). — Som&-J 
tiuiL's it is desired to cut eectionatl 
of ii tissue while it is under flui<l,'|J 
t.'/., alcohol Tiiia can be done aaj 
shown in fig. 41. 

I ean bo placed'J 



The microtome is made to 
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In using the inittrunient, fill the tiilie with the freezing mixture 
of ice anil aiilt, and when the central brass pillar becomes sufficiently 
cooled, pour on it a little mncilnge, and when tliis is frozen place on 
it tlie tissue, which must not be more than i cm. in thickness, and 
pencil some mucilage on it. When it ia soliil, the koife in the 
tripod is used to cut the sections; and aa the front leg of Lhe tripod 
consists of a screw, this is turned, and thus the cutting edge is 
brought to touch the tissue. 

Swift's Freezii^ Kicrotome {fig. 43). — A modification of the 
previous instruraent is shorni in fig, 43, which is adapted for freezing 
with ether. 

Hand-Microtoine (fig. 44). — -When oiJya few sections arcrequirod, 
this instrument, invented by Kanvier, is extremely convenient. The 




tissue is embedded in the well of the instrument in ]iaraffin or elder 
pitli, .and sections made by means of a razor, as shown iu the figuri;. 
The tissue is gradually raised by means of the milled head. 

Section-PlattenerB.— Sometimes the sections saturated with 
paraffin when cut exlnbit a great tendency to curl up. This can 
partly be aVoideil by pressing the section as it ia cut gently ngainst 
the knife, by means of a camel's-hair brush. Several section- 
Hatteners attached to the cuttiuf^-knife have been used for this 
purpose. Take a wire i mm. in diameter, heat it in a flame, and 
bond it twice at right angles, the distance between the angles being 
about an inch. The free ends are then bent round in the form of 
a hook. These hooka serve to fix tJio frame on the back of the 
razor, forming, as it were, a spring-nlip. The part of the wire 
between the right angles is so arranged that it lies parallel to, and 
about one-hundredth of an inch from, the edge of the knife. In 
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cutting, the section has to pass between the spring and the knife^ 
and is thus largely prevented from curling up. 

Curled-up paraffin sections may be maile to uncurl by being 
placed in water at about 40° C. (Gaskell). 

Gutting a Continuous Series of Sections in Celloidin. — ^The 
tissue, embedded in celloidin, is clamped in a microtome, e.g., that 
of Jung, and section after section is made. The knife must pass at 
an acute angle through the celloidin, and must be moistened with 
80 per cent, alcohol. This is easily effected from a wash-bottle 
Schanze of Leipzig supplies such a bottle provided with a valve, 
which facilitates the outflow of a gentle stream of alcohol upon the 
cutting blade. AVeigert's method of arranging and fixing the 
sections on a slide is the best. Each section in celloidin as it is made 
is laid upon a narrow strip of curl-paper by means of a cameFs-hair 
pencil. The curl-paper is kept moist by being placed on a plate 
covered with blotting-paper well moistened with 80 per cent. alcohoL 
The sections are laid upon the curl-paper in the order desired. 

A slide is coated with a layer of thin collodion, and when it is dry, 
the celloidin sections on the curl-paper are transferred to it. This 
is done by lifting up tlic curl-paper, and placing it, sections lower- 
most, upon the coating of collodion on the slide. Press on the 
whole with a piece of dry blotting-paper. The sections adhere to 
the slide, and the curl-paper is removed. Dry the sections with 
blotting-paper, and pour over them a layer of thin collodion. They 
are now permanently fixed, and can be stained on the slide in any 
way that may be desired. This is an extremely convenient method 
for serial sections of the central nervous system. 



XI.— FIXATIVES AND SUBSEQUENT TREATMENT 

OP SECTIONS. 

Further Treatment of Sections. 

This depends on how the sections have been made, and whether 
they have or have not been previously stained. Paraffin sections 
must be freed from paraffin. If they are unstained, they must be 
stained. In most cases it is found advantageous to fix paraffin 
sections to the slide by means of a "fixative." Many sections can 
thus be fixed on one slide, and treated simultaneously. The seriea 
of events will then be for unstained paraffin sections : — 

(1.) Fixation on a slide. 
(2.) Kemoval of paraffin. 
(3.) Staining the section. 
(4.) Mounting the specimen. 
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To Fix Paraffin Sections on a Slide. There are several <' fixa- 
tives" for serial sections, but the following will be found the 
most useful. 

(1.) Collodion and Clove-Oil. — Mix one part of collodion with 
three parts of clove-oil. By means of a brush paint a thin layer on 
a slide, and on it place the sections. Heat gently over the flame of 
a lamp, to fix them firmly and drive off the clove-oil. 

(2.) Albumen and Glycerine {P. Mayer). — Mix filtered fresh 
white of egg with an equal volume of glycerine, add a little car- 
bolic acid or morsel of thymol to prevent putrefaction. White 
of egg filters very slowly. A very thin layer is painted on the 
slide, and made smooth by means of a clean glass rod, which is 
thus prepared to receive the sections. The sections are flattened 
on the albuminised surface by means of a fine brush, care being 
taken that no air-bubbles remain under the sections. Warm the 
slide to a temperature just sufficient to coagulate the albumen 
(70** C). This may also be done by holding the slide for a few 
seconds over a jet of steam. 

Such substances as acids and alkalies which dissolve the 
albumen must not be applied to the sections, nor must the sections 
be stained with such substances as picrocarmine, which also 
dissolve the albumen. 

(3.) Method of Ganle. — This method depends on capillary attrac- 
tion. The slide is moistened with water or weak spirit, and on 
this the paraffin sections are carefully spread out. The surplus 
spirit or water is removed by blotting-paper, and the slide placed 
in a thermostat at 50** C. for twenty-four hours. Sections so dried 
arc heated for a moment above the melting-point of the paraffin, 
and are then firmly fixed on the slide. 

To Eemove Paraffin from the Sections. — Sections of tissues 
soaked and embedded in paraffin and fixed on a slide are placed in 
turpentine, toluol, or xylol. The extraction of the paraffin requires 
some time, and takes place more rapidly when the temperature is 
raised. The slides may be fitted into a zinc framework and 
lowered into a bath of turpentine or toluol. Clove-oil must not be 
used if collodion and clove-oil have been used as a fixative. In 
that case clarify with creosote and turpentine. The turpentine 
dissolves out the paraffin. 

After this, if the tissue has been previously stained in bulk, 
before it was embedded, drive away the turpentine with xylol or 
clove-oil, and mount the section in balsam. 

If, however, the sections are from an unstained tissue, after 
dissolving out the paraffin with turpentine, the latter must be 
displaced by absolute alcohol, and the slides are passed through 
alcohols of various strengths and then into water, i.e., piONvdavi tk^ 
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sections are to be stained in a watery solution of a dye. The 
sections are then coloured in tntu on the slide. If the sections are 
to be mounted in balsam, thoy must go through the same process in 
the reverse order, viz., increasing stn»ngths of alcohol — a clarifying 
agent, clove-oil, or xylol— and finally they are mounted in balsam. 

Schoiie for the Further Treatment of Paraffin Sections. 

Paraffin section. 



Fixation on slide. 



Toluol or turpentine, 



Al)solutc alcohol. 



Staining, if not previously stained 



Wash to remove surjilus stain. 



Absolute alcohol. 



Clove oil. 



Toluol or turpentine. 



Balsam. 
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Xn.— STAINING REAGENTS. 

StaiTiJTig. — This process depends on the fact that different tissues, 
or different parts of the same tissue, have an affinity for certain dyes, 
and not for others. Thus some dyes stain only the nuclei, others 
however may cause a uniform stain, all the tissues being of the same 
colour. By using some decolorising reagent, it is possible to remove 
the stain from certain parts of the preparation, leaving other parts 
stained. 

A thin section of a tissue or an organ, as a rule, when examined 
shows but little differentiation of its several parts. Only in cases 
where pigment is naturally present is this difference very marked. 
Some substances when applied to the section stain one part and 
leave other parts unaffected, thus enabling one to differentiate more 
easily the several parts of a section. 

Those substances which stain the nuclei chiefly have been called 
nucleax stains. The section is placed in a weak solution of the dye, 
c.fj.^ haematoxylin ; and after it seems to be sufficiently stained, the 
surplus dye is removed by thoroughly washing the section in water 
or alcohol, a part of the dye remaining united with the chromatin of 
the nucleus and colouring the latter. Such stains may also colour 
to a less degree some other parts of the section. Amongst nuclear 
stains are carmine, haematoxylin, and some of the aniline colours. 

When a section is stained, it is called Section Staining, but the 
tissue may be stained in bulk before the sections arc made (p. 44) 

staining in bulk. 



A Carmine and its Compounds. 

Carmine. — In order to obtain a strong solution of this dye, 
certain solvents require to be employed. It is readily soluble in 
ammonia, yielding an ammoniacal solution, which may be made 
strong or weak. The ammoniacal solution may be diluted to any 
extent required with water, and practically the best results arc 
obtained by allowing sections to remain for a long time (24-48 
hours) in a weak solution. 

1. Strong Ammoniacal Carmine Solution, — Rub up in a mortar 
2 grams of pure carmine with a few drops of water, add 5 cc. of 
strong liquor ammonise, mix thoroughly, and add 100 cc. of watrr. 
Place the whole in a bottle, and after a day or so any undissolvo<l 
carmine is filtered off and the clear fluid ke])t as a stock solution. 
This solution may be diluted to any required extent. If it smell 
strongly of ammonia, the excess of ammonia must be allowed to 
evaiwratc. When the solution becomes neutral it is very liable 
to undergo putrefaction, but this may be avoided by placing a 
small piece of thymol in it to ]ircserve it. 
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2. Frey's Carmine. — Ordinary carmine has two drawbacks : it 
is apt to undergo putrefaction, and as tlie ammonia escapes the 
carmine is precipitated. 

Carmine . . .0.3 gram. 

Distilled water . . . . . 30 cc. 

Dissolve the carmine in the water, adding ammonia drop by drop 
until solution is complete. Then add — 

Glycerine . . . . . 30 cc. 

Alcohol . . . . . 4 ,, 

and shake the mixture. Keep it in a stoppered bottle. It has 
no advantage, as far as coloration is concerned, over ordinarj' 
carmine, but it can be kept for a long time unchanged. 

3. Alcoholic Borax Carmine {Grenadier), 

Carmines ...... 3 grams. 

Borax . . . . . 4 ,, 

Water ...... 100 cc. 

Dissolve the borjix in the water and add the carmine, which is 
quickly dissolved, especially with the aid of gentle heat. Add 100 
cc. of 7 5 per cent, alcohol, and filter. 

4. Watery Borax-Carmine. — Rub up in a mortar 8 grams borax 
with 2 grams carmine, and add 150 cc. water. After twenty-four 
hours decant and filter. Tissues to be stained in bulk — e,g,, after 
hardening with corrosive sublimate — are placed for twenty-four 
hours" or longer in this fluid. They are then transferred to acid 
alcohol (i per cent. HCl in 70 per cent, spirit for twenty-four 
hours), and then into alcohol. 

If it be desired to stain in bulk without bringing the tissue into 
contact ^vith water, then use : — 

5. Carmine-Solution (P. Mayer). — For staining in bulk, and also 
for sections, flayer recommends the following : — Suspend 4 grams 
carmine in 15 cc. water, and then add 30 drops hydrochloric acid, 
gently lioatincj the mixture. Add 95 cc. alcohol (85 per cent.) and 
boil. Neutralise with ammonia and on cooling filter. 

6. Borax Carmine (Grenacher). 

Carniiue ..... i gram. 

Borax ...... 2 grams. 

Distilled water ..... 200 cc. 

The borax dissolves the carmine. The whole is placed in a 
porcelain ca])sule and heated to boiling, when the fluid becomes of 
a dark-purplish or bluish-red. Add a few drops of 5 per cent. 
acetic acid, until the colour becomes more like that of carmine 
dissolved in ammonia. Lot it stand for twenty-four hours, and 
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filter. Add a drop or two of carbolic acid to preserve it. This 

gives a diffuse stain, so that the sections have to be treated with 

acid alcohol (p. 65).^ 

The original receipt is 

Carmine . . . . •S to .75 gram. 

Borax ..... 2 ,, 

Water ..... 100 cc. 

Alcohol (70 per cent.) . . . 100 ,, 

Borax-carmine is chiefly used for staining tissues "in bulk." 
Small pieces of tissue, to ^-inch cubes or larger, may be left in it 
for days, and they do not become over-stained. It gives by itself 
a diffuse stain ; hence to get its effect concentrated upon the nuclei, 
for which it has a special affinity, the pieces of tissue must be placed 
for twenty-four hours or thereby in 70 per cent, alcohol containing 
I per cent, of hydrochloric acid. 

Add Alcohol. — This is called acid alcohol, and is prepai-ed thus — 

Hydrochloric acid . . . . I cc. 

Alcohol . . . . . > 70 >i 

Water , . . . . • 30 >> 

When tissues are placed in the acid alcohol, they change in 
colour to a bright scarlet. A certain amount of the surplus 
/larmine is extracted, but the nuclei become intensely stained. 

This method is particularly valuable for a large number of organs, 
and especially where nuclear staining is desired. 

7. Alum Carmine. — Dissolve 5 grams of potash-alum in 100 cc. 
water. Add i gram carmine, and boil for a quarter of an hour. 
Make up the bulk with water and filter. Add a drop of carbolic 
acid to preserve it, as fungi rapidly form in it. It has the advau 
tage of not over-staining tissues left in it for a long time. 

8. Lithimn Carmine (Orth). 

Carmine . . . . .2.5 grams. 

Saturated solution of litbiuni carbonate . 100 cc. 

Dissolve the carmine in the cold saturated solution of lithium 
carbonate ; solution occurs very quickly. It gives a diffuse stain, 
to nearly all tissues very rapidly, and the sections must, therefore, 
be transferred, without previous washing in water, to acid alcohol 
(P- 65). They can then be mounted in glycerine or balsam as 
desired. The nuclei are stained a brilliant red. It cannot be used 
for sections fixed on a slide by means of white of egg. 

Application. 

(1.) Stain (2-3 minutes). 

(2.) Wash out surplus dye in acid alcohol (^-i minute). i.e., in 100 

cc. of 70 per cent, spirit + i cc. HCl. 
(3.) Remove all acid by prolonged washing in water. 
(4.) Alcohol, oil, balsam. 

* ArcMvf. Mik, Anat,, vol. xvi. ][>, S^^. 



(A PRACTICAL HISTOLOGY. 

9. Picro-Lithium Carmine. — This is even preferable to the fore- 
going, because, in addition to staining nuclei red, it stains certain 
other i>arts yellow. 

Lithium carmine . . . . . 5^ c^* 

Saturated solution of picric acid . . . loo ,, 

Mix the two slowly. If, after trying it, one or other colour is 
too pronounced, add a little more of the other. 

The sections are to be treated with acid alcohol like the fore- 
going. The acid alcohol, however, ultimately extracts the picric 
acid. This is avoided by not leaving them too long in acid 
alcohol. If the picric stain be removed, it may be restored at once 
by dipping the section in absolute alcohol to which a little picric 
acid has Ix^en added. 

10. Picro-Carmine. — This most valuable reagent was introduced 
by Ranvier, and has the groat advantage of giving a double stain 
without the use of acid or alkali. 

(a.) Ranvier' s method of preparing it is as follows : — To a 
saturated watery solution of picric acid add a saturated ammoniacal 
solution of carmine until precipitation just appears, i.e., until satura- 
tion. The fluids must be well mixed. Leave it exposed in shallow 
vessels to crystallise, but protect it from the dust. Crystals are 
d(ipositod, and also some amorphous carmine. After several weeks;, 
when its bulk is reduced to one-third, decant the liquid, filter, and 
evai>orate it to dryness on a water-bath. Redissolve it and the 
crystalline deposit in water, filter, and evaporate to dryness. The 
brown jKDwder so obtained is dissolved in the proportion of i per 
cent, in water. This fluid, prepared in this way, gives very satis- 
factory results. 

(h.) Siohr^H Method. — A very good solution is obtained by this 
method. To 50 cc. water add 5 cc. liquor ammonias and i gram 
carmine, which is rapidly dissolved. After complete solution, add 
50 cc. of a saturated solution of picric acid. Set the mixture aside 
for two or throe days in a large open flat evaporating dish, and after 
this time filter. To the filtrate add a drop of chloroform to prevent 
the formation of fungi. 

Precautions. — Preparations stained with picro-carmine are not 
liable to be over-stained, and may be mounted in Farrant's solution 
or glycerine acidulated with formic acid (i per cent.) [formic acid 
sp. gr. 1. 16]. 

In staining sections with picro-carmine, cover the section with 
picro-carmine, and after a few minutes remove the surplus i)igment. 
On no account should the section he ])laced in water, AVat(T rapidly 
extracts the picric acid and leaves tlie preparation sfciined with the 
carmine only. Add a drop of Farrant's solution or formic glycerine, 
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and cover. Such sections improve with keeping, and the surplus 
picro-carminc is really an advantage, for, after a time, the nuclei 
become more differentiated — red, and other parts yellow. 

If it be desired to mount sections stained with picro-carmine in 
balsam, the alcohol through which they are passed, or the clove-oil, 
must contain some picric acid to restore the yellow colour. 

11. Carmine and Dahlia Fluid ( Westphal). — Dissolve i gram of 
carmine in 2.5 per cent, of alum. Take of this — 



Alum carmine . 

Glycerine 

Sat sol. of dahlia in absolute alcohol 

Acetic acid 



100 cc. 
100 „ 
100 
20 



a 



ii 



This fluid is specially useful for staining the granular cells 
(" Mastzellen ") of the liver. 
12.- Cochin^ (Csokor), 



Powdered cochineal 
Alum . 
Water . 



50 grams. 

5 », 
500 cc. 



Dissolve the alum in the water, add the cochineal {Coccus cadt\ 
and boil. Evaporate down to two-thirds of its original volume. 
Filter. Add a few drops of carbolic acid to prevent the formation 
of fungi. This is an excellent nuclear stain, especially for the 
central nervous system. 

It stains nuclei of a violet-red and does not overstain, so that 
sections may be left in it for many hours. It, however, does not 
stain well objects that naturally stain with dilficulty. 
Application. 

(1.) Stain for an hour or more. 
(2.) Wash in water. 
(3.) Alcohol, oil, balsam. 

13. Indigo Carmine {Merkel), 

Solution A. — Cannine . 
Borax 
Water . 

Solution B. — Indigo carmine 
Borax 
Water 

Keep the solutions separate (B is apt to develop a precipitate). 
When required, mix equal volumes of A and B. The mixture 
undergoes a change within a week, and hence it is better to make 
it fresh when required. Sections must remain in it at least twenty- 
four hours — with advantage longer — but the results are certainly 
satisfactory. The stained sections are placed for half-an-hour or 



2 grams. 
8 „ 


1 30 cc. 


8 grams. 
8 „ 


130 cc. 
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thereby in a saturated solution of oxalic acid, which extracts the 
8U]>erfluous pigment. Mount sections in Farrant's solution or 
balsam. (See Stomach.) 

B. H»matoxylin and Logwood. 

Hsematoxylin. — This substance was introduced to the notice of 
histologists by Bohmer. It is one of the most valuable nuclear 
staining reagents we i)ossess, and this is specially the case when its 
violet-blue stain is set off by contrast with a ground stain of eosin, 
picric acid, or other aj)propriate dye. 

1. Hsematoxylin {Bohmer), — Make a solution containing — 

Haimatoxyliii ..... i gram. 
Absolute alcohol .... loo cc. 

^[ake a second solution of — 

Alum ...... 5 grams. 

Distilled water . . . . . loo cc. 

Add drop by drop the first solution to a little of the second until 
a deep- violet colour is obtained. The fluid is placed for fourteen 
days in an open vessel, protected from dust, and exposed to the 
light and air, when it becomes of a bluish tint. This fluid is said 
to " ripen." Oxidation processes take place whereby the haemato- 
xylin is converted into hiimatein. Filter. Add a fragment of 
thymol to preserve it. It stains tissues in 5-15 minutes. 

It is sufficient to make a saturated solution of the crystals of 
hsematoxylin in a small quantity of absolute alcohol Add a few 
drops to a I per cent, solution of alum, which yields a light violet- 
coloured fluid. Expose the fluid to light and air, when it becomes 
blue. It is well to prepare this fluid several weeks beforehand to 
enable it to " ripen." 

The ordinary manipulative procedure for hsematoxylin staining is 
as follows : — 

(1.) Stain the section (2-10 minutes). 

(2.) Wash in distilled water. 

(3.) Allow section to remain 12-24 hours in distilled water. 

(4.) Remove water with alcohol, — add ethereal oil, balsam. 

Bohmer's hsematoxylin is well adapted for staining sections. It 
is best adapted for tissues hardened in sublimate, alcohol, picric or 
nitric acid, and not so good for those from chromium salts or osmic 
acid. Sections to be stained with it before being placed in the dye 
are better to be placed first in water or in i per cent, alum solution. 
If taken direct from alcohol they may contain a deposit after being 
stained. After staining, the sections are thoroughly washed in 
ordinary water. Hsematoxylin stains the chromatin of the nuclei 
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a deep blue, and other parts of some tissues light blue, e.^., the 
matrix of hyaline cartilage. 

2. Strong Nucleus-Staining Hsematoxylin {Hamilton). 

Ha^matoxylin . . . . .12 grams. 

Alum . • . . . • 50 >» 

Glycerine . . . . . 65 cc. 

Distilled water . . . . . 130 „ 

Boil, and while hot add 5 cc. liquid carbolic acid. Allow the 
mixture to stand in the sunlight for at least a month. 

3. Delafield's Hsematoxy&i. — To 100 cc. of a saturated solution 
of ammonia alum add drop by drop a solution of i gram hsematoxylin 
dissolved in 6 ccv absolute alcohol. Expose to the air and light 
for a week. Filter. Add 25 cc. glycerine and 25 cc. of me thy lie 
alcohol. Allow it to stand exposed to the light for a long time. 
Filter. 

This solution stains extremely rapidly, and may be greatly diluted 
when it is used. It keeps for a very long time, and stains well 
even tissues which have been hardened in chromic or osmic acid. 

4. Kleinenberg's HsBmatoxylin. — (i.) Make a saturated solution 
of calcium chloride in 70 per cent, alcohol. Shake it well, and 
allow it to stand. Decant the saturated solution, add alum to 
excess, shake it well, allow it to stand for a day or so, and filter. 

(2.) Make a saturated solution of alum in 70 per cent. alcohoL 
Filter. 

(3.) To one volume of the filtrate from (i) add eight volumes 
of (2). 

(4.) To (3) add drop by drop a saturated solution of hsematoxylin 
in absolute alcohol, until it becomes of a decided purple colour, 
but not too dark, as the solution becomes darker by keeping and 
exposure to light. It should be prepared at least a few months 
before it is wanted. 

It may be diluted to any extent by adding the mixture (i) or 
(2). As it contains much spirit, sections placed in it must be 
covered, /.e., protected from evaporation, else the spirit will rapidly 
evaporate. 

This logwood stain is particularly valuable when it is required 
to stain a tissue or an organ " in bulk." This a diluted solution 
will do in 24-48 hours, provided the pieces be not too large. 

5. Acid Hsematoxylin {Ehrlich), 

Hsematoxylin ..... i gram. 
Absolute alcohol . . . . 30 cc. 

To the solution add — 

Glycerine . . . . . 60 cc. \ Saturated 

Distilled water . . . . . 60 ,, /with alum. 

Glacial acetic acid • . . • 3 n 
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Dissolve the hsematoxylin in the alcohol, add the glycerine and 
water, and then the acid. At first the solution is light-red, but 
when it has been exposed to the air for 2-3 weeks it gets bluish. 
It does not over-stain, and the tissues stained with it, when exposed 
to the light, become violet or bluish tinted. It may be used either 
for sections or for staining in bulk, and in the latter case it does 
not tend to over-stain. 

Application. — Sections from alcohol — 

(1.) Stain (3-5 minutes). 

(2.) Wash in alcohol (90 per cent.). 

(3.) Alcohol, oil, balsam. 

Garbini finds it better to place the sections after staining in — 

(2.) Distilled water. 

(3.) Solution of carbonate of lithia (.25 per cent.). 

(4.) Alcohol. 

6. Glycerine Hsematoxylin (Renaut). — Saturate perfectly neutral 
glycerine with potash-alum, and to it add drop by drop a saturated 
solution of haematoxylin in 90 per cent, alcohol, until a deep-violet 
tint is obtained. About one-fourth part of the hsematoxylin solution 
has to be added. Let it stand exposed to the light for weeks, and 
filter. 

7. Eosin Hsematoxylin (Renaut).— Add drop by drop a con- 
centrated watery solution of eosin to 200 cc. of glycerine saturated 
with potash-alum. Filter. Add drop by drop an alcoholic solution 
of haematoxylin. Expose to light for weeks, and filter. 

8. Heidenhain's Haematoxylin. 

(1.) This is used for staining in bulk. Prepare J per cent, 
watery solution of hsematoxylin, which must not be 
kept too long. Boil the haematoxylin in water and 
allow it to cool. Place the hardened tissue in this dye 
for 24-48 hours. 

(2.) Transfer it for 24 hours to .5 per cent, watery solution 
of yellow chromate of potash (24-48 hours). This 
causes dark clouds in the fluid, so that the chromate 
must be frequently changed. 

(3.) Wash carefully in water. The tissues are then hardened 
in alcohol, and may be embedded in paraffin. It is best 
adapted for objects hardened in absolute alcohol, e.r/., 
salivary glands, pancreas (Lesson XXIII.), or in picric 
acid. Besides tinting the nuclei a greyish-blue, the 
protoplasm of the cells has a fine steel-gray tint, but 
the sections must not be too thick. 



STAINING REAGENTS. 7 1 

9. Hamatein. It is well known that a solution of hsematoxylin 
(CigHj^Og) after being prepared must stand some time to " ripen " 
before it is ready for use. The substance ultimately formed chiefly 
by the action of the air is hamatein (CjgHjgOg), which occurs in 
commerce in the form of a brown powder which is soluble in alcohol 
or water. P. Mayer recommends the following solution of this 
body in alum or Ham-alum : ^ — 

(a.) Hamatein ..... i gram. 
Alcohol (90 per cent) . . . 50 cc. 

Dissolve by heating. 

(5.) Alum ..... 50 grams. 

Distilled water .... 1000 cc. 

Mix the fluids (a) and (b). Allow the mixture to settle, and use 
the clear supernatant fluid as a stain. If it be too strong, dilute 
with distilled water, or, better still, with alum solution. 

I have used this extensively during the last year for staining in 
bulk, and find it to be an excellent dye. 

Lc^wood. — Staining solutions were formerly, and sometimes 
are, made from logwood chips. 

10. Logwood {MitchelVs), — The tannic acid is removed. 

Place finely-ground logwood (2 oz.) in a funnel ; pack it well, 
and allow water to percolate through it until it flows uway with 
but little colour. Allow the water to drain away ; spread the 
logwood on a board to dry. 

Dissolve alum (9 oz.) in 8 oz. of water. Moisten the dry logwood, 
pack it again tightly into a funnel, and pour on the alum solution. 
Close the lower end of the funnel, and allow the alum solution to 
extract the dye from the logwood for forty-ciglit hours. 

Allow the coloured fluid to flow off*, and percolate 4 oz. of water 
through the logwood in the funnel. Add a few drachms of glycerine 
and rectified spirit. Dilute largely when using, so that staining 
will take place slowly. 

11. Other solutions of hsematoxylin, including Weir/ert's, are 
referred to in the text. (Lessons on Central Nervous System and 
Salivary Glands.) 

General Statement regarding Hsematoxylin. — Hsematoxylin is 
specially useful for staining tissues hardened in chromic acid. 
Ehrlich's hsematoxylin is much to be commended. In all cases it 
is better to clarify sections stained with hsematoxylin by means of 
xylol — not clove-oil — ^before mounting in balsam. 

Hsematoxylin and logwood are amongst the best nuclear stains 
we possess, and the tissues which stain best are those hardened in 
alcohol ; but those also from Miiller's fluid stain well. With those 

^ Zeitsch,/, wiss. Mik., viiL p. 341. 
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hardened in watery solutions of chromic acid it is otherwise. It is 
sometimes very difficult to get them to stain. This may sometimes 
be effected by soaking the sections previously in a dilute solution of 
sodic carbonate. 

They are also very valuable in double and treble staining. 

In the case of preparations stained by hsBmatoxylin or logwood, 
over-staining may be got rid of by placing the sections in dilute 
acetic acid. This will rapidly extract the surplus stain, but at the 
same time, if allowed to act too long, it will make the remaining 
part red. Great care should be taken afterwards by thorough 
washing of the sections in water to remove every trace of the acid. 

C. Eosin. 

1. Eosin. — This substance is readily soluble in alcohol and water. 
Make a 5 per cent, watery solution. It gives a beautiful diffuse 
rosy hue, and stains very quickly, in a minute or two. The 
stronger solution can be diluted as required. It forms one of the 
best ground-stains in contrast to logwood or one of the numerous 
aniline dyes. When using it as a double stain, e.r/., logwood and 
eosin, stain the section first of all in logwood, and if it is to be 
mounted in balsam, clarify with clove-oil in which a little eosin has 
been dissolved. Sections stained with it can be mounted in balsam, 
Farrant's solution, or glycerine. It is a specific stain for the 
hsBmoglobin of red blood-corpuscles, as it stains it, even after 
hardening in chromic salts, a copper-red colour, while it also stains 
the granules of certain leucocytes of the blood of a reddish tint. It 
is used very extensively, and in a very dilute solution is a good 
stain for cartilage and striped muscle. 

D. The Aniline Dyes. 

Watery or alcoholic solutions of the aniline dyes stain sections 
with great rapidity. The word "stain" is perhaps not quite the right 
word to use. It is rather a process of imbibition than staining 
proper. One of the difficulties in using aniline dyes is the rapidity 
with which sections have to be transferred from one liquid to another. 
They are not used for staining in bulk. After staining and dehydrat- 
ing, it is best to clarify the sections (except in special cases) with 
cedar or bergamot oil or xylol. The sections are mounted in balsam, 
not in glycerine, as the latter dissolves the dyes. 

They are amongst the most valuable so-called staining reagents 
we possess, and although many of them do not yield permanent 
preparations — the colour fading after a time — still the results 
obtained by their use are so important that it behoves the student 
to use them frequently. It is most important that they should be 
obtained from reliable sources. 
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The aniline colours are divided by Ehrlich into acid^ basic, and 
neutral compounds. Of the three, the basic colours are most used, 
as they are excellent nuclear stains. Some of them have special 
affinities for certain tissues, and, as is well known, they are of the 
utmost value in bacteriological investigations. They may be kept 
in drop bottles. All of them are soluble in alcohol, and most of 
them in water ; and so powerful are they, that usually a i per cent., 
or even a much weaker solution, suffices to stain tissues in a few 
minutes. Some of them, according to Ehrlich's researches, stain 
better when they arc mixed with a mordant. 

Aniline-Oil and Aniline-Water {Ehrlich' s Method).— ^hok^ up 
excess of pure aniline-oil with excess of water, and allow it to stand. 
The most of the oil sinks to the bottom. This solution sliould not 
be kept too long ; in fact, it is better to make it fresh. Filter a 
little of the aniline- water into a watch-glass. To the fluid in the 
watch-glass add ten or twelve drops of a concentrated alcoholic 
solution of any of the aniline dyes it is desired to use in this way. 

Very few of the preparations stained by aniline dyes can be pre- 
served in glycerine or Farrant's solution. A 50 per cent, solution 
of acet4ite of potash keeps their colours well, but it is a medium 
which it is difficult to keep tightly under the cover-glass. Many of 
them can be preserved in balsam, but most of them must be kept 
away from the action of acids. In a few cases the colour is partly 
extracted and fixed with dilute acids, but in such cases the free acid 
must be removed from the section before it is finally mounted. 

For convenience these colours may be grouped as follows : — 

(A.) Violet Aniline Colours. 

Methyl Vicdet. — Dissolve 2 grams in too cc. and filter. This 
gives a 2 per cent, solution, which may be diluted as required. A 
o. I per cent, solution is, in many cases, sufficient. It does best for 
porous textures. Sections are left to stain in it for several hours, 
washed with water, and then with alcohol, until no more colour 
comes away, and mounted in balsam. It stains intercellular sub- 
stances but slightly, while cells, and especially their nuclei, are 
stained by it. 

Crentian Violet always answers very well for staining cell-nuclei, 
but it seems to be better for hardened preparations than the 
previous dye. 

Dahlia is used in the same way as the preceding. 

(B.) Blue (and Purple) Aniline Colours. 

Aniline Blue. — Make a i per cent, watery solution, adding a few 
drops of absolute alcohol. This is useful for the glands of the 
stomach and for a double stain with safranin. 

Methylene Blue. — Make a saturated watery solution. Rectified 
spirit may be added to make it keep. It is not very largely used 
8 
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in bacteriology, p.fj., for the tubercle bacillus, but largely for double- 
staining of tissues, in contrast to red. It stains axis cylinders of 
nerve fibres. (See Nervous System and Epithelial Cement.) 

Sections to be mounted in balsam are best clarified by cedar-oiL 

Better results are obtained by using a very dilute solution made 
as follows (Garbini) : — Add lo drops of a saturated alcoholic 
solution to I GO cc. of a solution of caustic potash (i in 10,000). 
Leave the sections to stain ( 1 2-24 hours). Leave them in absolute 
alcohol (6-8 hours), and then in oil of cloves (2-4 hours) — ^xylol — 
xylol-balsam. 

Spiller's Purple. — Use Spiller's purple No. i. Rub up 2 grams 
in a glass mortar with 10 cc. of alcohol, and add 100 cc. of distilled 
water. It is used as a double stain, and for staining the fibrin in 
coagulated blood. The stain requires to be pretty deep, as it is 
washed out by alcohol. If a section stained by it is to be mounted 
in balsam, use codar-oil to clarify it. 

(C.) Green Aniline Colours. — Amongst these are iodine green, 
methyl green (i per cent.), aniline green, and aldehyde green, 

Iodine-Green is used as a 5 per cent, filtered watery solution. 
It stains nuclei and deveIoi)ing cartilage green, and makes a good 
contrast stain. It is not very readily extracted by spirit, and does 
not soon fade. \ 

Methyl-Green. — This is a nuclear stain. Make a i per cent 
solution in distilled water, and add 25 cc. of absolute alcohol. 
Belgian observers, more particularly Carnoy, use this for fresh tissues 
in the following manner : — 

Methyl-green ..... i gram. 
Glacial acetic acid . . . . i cc. 

Distilled water ..... 100 ,, 

Add a few drops of this liquid to a watch-glassful of an indifferent 
fluid, e.g., normal saline. 

The others will be referred to in the text. 

(D.) Red Aniline Colours. — They are very numerous. 

Rosaniline Acetate, Sulphate, and Hydrochlorate (Magenta). — 
The term fuchsin is sometimes ai)i>licd to the one, sometimes to 
the other, but the acetate is more soluble in water. They give a 
rather diffuse stain, but arc useful for nuclear staining, elastic fibres, 
and blood-corpuscles. 

Rub up a little (i gram) in a glass mortar with rectified spirit 
(20 cc). After solution add 20 cc. of distilled water. 

Magenta for Blood-Corpuscles. — Dissolve . i gram of magenta 
in 5 cc. of rectified spirit and 15 cc. water, and add 20 cc. glycerine. 

Acid Fuchsin is a specific colouring-matter for the nervous 
system. It was introduced by Weigert, but it has been largely 
displaced by Weigert's hsematoxylin copper stain. 
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Sa fr a nin is specially used as a nuclear s^in, and very largely for 
the study of mitosis. It is specially useful for tissues hardened in 
Flemming's mixture. 

Safranin i gram. 

Absolute alcohol .... loo cc. 

Water ...... 200 ,, 

It may also be used as a much stronger alcoholic solution, 5 per 
cent, in 70 per cent, alcohol. There are several varieties of this 
dye, and some of them are of little value as dyes. Therefore it is 
important to obtain a good sample. That sold as safranin-O can 
usually be relied upon, and is to be obtained from Dr. George 
Griibler, Leipzig. 

In using this dye, the sections are, as a rule, left for several 
hours in the solution— ^even twenty-four hours or longer — and are 
then placed in ordinary alcohol or acid alcohol (p. 65) — containing 
.5 per cent, hydrochloric acid — to remove the surplus stain. If this 
be properly done, the nuclei — the chromatin of the nuclei only — are 
stained. Sections may be mounted in balsam. 

Application. 

(1.) Stain sections in i per cent, watery solution of safranin 

(1-24 hours). 
(2.) Wash rapidly in water. 
(3.) Wash in absolute alcohol or acid alcohoL 
(4.) Absolute alcohol, oil, balsam. 

Sometimes it is useful to use it in aniline- water, after Ehrlich's 
method (p. 73). 

As shown by Martinotti, it colours black or dark-purple elastic 
fibres hardened in 0.2 percent, chromic acid (Lesson X.). 

(E.) Brown Aniline Colours. 

Bismarck Brown or Phenylene Brown.— This is but slightly 
soluble in water, but it forms a good ground-stain in contrast to 
haematoxylin, and is useful for staining plasma cells and the cells of 
the cerebrum. It preserves its colour when mounted in Tarrant's 
solution or balsam. 

(a.) Boil Bismarck brown with 100 of water ( = 3-4 per cent.). 
Filter and add one-third its volume of absolute alcohol. 

(h.) Or use a concentrated alcoholic solution in 40 per cent, 
alcohol ( = 2-2 J per cent.). 

Application. 

(1.) Stain (5 minutes). 

(2.) Wash out in strong spirit. 

(3.) Alcohol, oil, balsam. 

It does not tend to over-stain. It is a nuclear stain, and the nuclei 
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are brown, and the protoplasm light brown. Such preparations are 
well adapted for photographic reproductions. Some use a solution 
ill 70 per cent, alcohol. 

Vesuvin is much more soluble, and is used in the same way as 
Bismarck brown. 

(F.) Other Aniline Dyes. 

Aniline Blue-Black. — This has a remarkable power of staining 
norvc-cclls, as shown by Sankcy. It is best adapted for stjiining 
fresh nerve-tissues, altliough it is also used for stfiining in bulk. 
It has little power of diffusing through them. (Lessons on Central 
Xcrvous System.) 

Table slioicing some of the Aniline Dyes in most Common Use, 
arranged accordimj to their Colour. 



1 

Red. Green. 

1 


Blue. 


Yellow. 


Violet. 


Brown and 
Black. 


Safrauin. 

Eosin. 

Fuchsin. 

Ponceau 

RR. 


Methyl- 
green. 
Iodine 
green. 

Aldehyde 
green. 


Methylene 

blue. 
Aniline 

blue. 
Quinoline. 


Orange. 


Methyl- 
violet. 
Violet 
BBBBB. 
Dahlia. 


Bismarck 

brown. 

Nigrosin. 

Aniline 

blue-black. 



E. Metallic Substances. 

1. Nitrate of Silver. — This substance possesses the property of 
forming a compound with intercellular substance, which darkens, 
and becomes brown or black, on exposure to light. It is unequalled 
for the study of the cement substance of epithelium and endo- 
tlielium, and for the cell-spaces of the cornea, and connective tissue 
generally. The tissue, however, must be fresh — the fresher the 
better. Use a glass or horn rod to manipulate the tissue in Uie 
fluid, not metallic instruments. 

Make a i per cent, solution, i.e., i gram of silver nitrate is 
dissolved in 100 cc. of distilled water. This is kept as a stock. 
K. \ ox \ per cent, solution is the strength usually employed. 

If it be desired to " silver " a part of the omentum or mesentery, 
this membrane should be pinned out with hedgehog spines, without 
being stretched, on a piece of flat cork with a large hole in it, so 
that the solution can get to both sides of the membrane. A very 
convenient plan is to pass the membrane over a porcelain or ebonite 
ring, and fix it with another ring in tlie manner in which a skin is 
fitted on a drum (figs. 45 and 46). 

Lave the membrane gently in distilled water to remove any 
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chlorides, and place it in a dilute solution of tho reagent (i-|— i per 
(.■eut.). The tissue soon — 5-10 minutes^beeoniea white, and as 
sofju as it looks gmyiah remove it and wash it in distilled wiitcr. 
Place it in ordinary water, and oxpoae it to gooil daylight, when it 
rapidly beeomea brown. It can then he preserved in spirit until it 
ia required. 

A nieinhrane may lie stained in tiitu, e.g., the central tendon of 



eaentery, t.g., of a frog. Open 







tho iliaphTagin of a rahhit, 
tho ahiloraen, irrigate 
the laeinbrane hy allow- 
ing distilled water to 
fall on it from a pipette. 
This removes all suIj- 
stances that might com- 
bine with the silver and 
give rise to illusive ap- 
pearances. Drop on the 
silver aotution by means 
of a pipette. Treat the 
membrane as in the 
previous case. 

2. Negative Uethod 

is the usual method by which the iutercelhilar eement substance is 
stained black — a wmI- solution beiuf; used — as for the study of 

endotheliun). The membrane 

ought to be kept stretched, 
6.17., over the mouth of a 
porcelain capsule. 

Tho following mollification 
ia recommended by Thanhnfier, 
and it works well. After the 
membrane is exposed to the 
action of silver nitrate, it is 
washeil with a 2 per cent, solution of acetic acid. 

8. PoaitiVB Method (ffw) is speciallydesigned for showing lacunw 
iind lymphatic cavities, e.ri., the lymphatics of the skin and cornea. 
Place the tissue for several hours in i per cent. AgNO^ in the dark, 
wash in water, transfer in dark to 3-5 solution of sodic chloride. 
Wash in water, expose to light. The spaces are found filled 
with black granules. Examine in glycerine. 

Sometimes silver nitrate ia used in n sohd fqmi, luj., for the 
comoa. This will be referred to afterwards in treating of the coU- 
apaces of tho cornea itself. (Lesson on Kje.) 

Silver preparations show the coment substance of epithelium 
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stained black as " silver lines," and they may be mounted in 
glycerine or balsam, either unstained or after staining with logwood, 
picro-carmine, or other dye as desired. 

In onler to stain the linin<( endothelium of the vascular system, 
a solution of silver nitrate is used. The special precautions 
required are referred to in the text. (Lesson on Blood-Vessels.) 

4. Golgi's Method. — In this method parts of the central nervous 
system hanlened in potassic bichromate are treated for many days 
with silver nitrate or mercuric chloride to demonstrate the processes 
of nerve-cells. (lesson on Nervous System.) 

5. Nitrate of Silver and Osmic Acid (Golgi).—T)ii8 is specially 
useful for the nervous system. Place a fresh nerve of a rabbit just 
killed in 

I^otassic bichromate (2 per cent.) . . lo parts 

Osmic acid (1 per cent.) . . . 2 ,, 

for an hour ; tease the nerve, and let it remain in the mixture for 
another hour. Transfer for 8 hours to .5 per cent, silver nitrate and 
then to alcohol. 

B. Gold GUoride. 

Gold Chloride. — This substance has rendered particular service, 
esi)ecially in connection with the terminations of nerves. It is used 
as i-2 per cent, watery solution. Various methods are employed, 
according to the end desired. 

1. Acetic Acid Method. — Place a small piece of perfectly fresh 
tissue, 2 mm. cubes, e.g., hyaline cartilage or a small cornea, in J per 
cent, solution in a glass thimble for half-an-hour, keeping it in the 
dark all the time. These small glass thimbles are particularly use- 
ful, and are better to be somewhat broader relatively than those 
shown in fig. 26. The tissue will become yellow ; wash it 
thoroughly in distilled water, and expose it to bright daylight in 
distilled water slightly acidulated with acetic acid. In a day or 
two it will become of a purplish or violet-brown colour. Sections 
can then be made and mounted in glycerine. 

2. Loewit's Method. — To one part of formic acid (sp. gr. 1.16) 
add two parts of distilled water. Place spiall pieces of the fresh tissue 
(1-2 mm. in thickness), e.f/., tendon from a rat's tail, in this mixture 
for J- 1 minute, until they become somewhat transparent; transfer 
them to a glass thimble or watch-glass containing i per cent, gold 
chloride for 15-20 minutes, i.e,, until they have become yellow 
throughout. During this process, the tissue should be exposed to 
light as little as possible. Place the tissue in formic acid (i : 3), 
and keep it in the dark for twenty-four hours. Afterwards place it 
for twenty-four hours in pure formic acid, and keep it also in the 
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dark. Wash ifc thoroughly with water, and moimt in glycerine or 
balsam. 

3. Banvier's Lemon-Juice Method. — The fresh tissue is placed 
for 5-10 minutes in the freshly expressed and filtered juice of a 
lemon, until it becomes transparent. Kapidly wash it in distilled 
water, transfer it to i per cent, gold chloride solution for from ten 
minutes to one hour; the time depends on the tissue under investi- 
gation. Wash with water and place the tissues in 50 cc. of water 
containing two drops of acetic acid, and expose them to light, when 
reduction takes place. Or the tissue may be placed in formic acid 
(i -.3) after being treated with lemon-juice and gold chloride, and 
kept in the dark for twenty-four hours. The latter i)lan is in many 
cases to be preferred, especially where the retention of the super- 
ficial epithelium is not desired. 

4. Boiled Gold Chloride. — For some purposes, especially for 
studying the terminations of the nerves in sensory surfaces, this 
nietho<l of Ranvier has yielded me the best residts. 

Make as required — fresh — a mixture of four parts of gold 
chloride (i i)er cent) and one part of formic acid. Boil the 
mixture and let it cool. Place the fresh tissues (small pieces) in it 
for ten minutes to one hour. Wash in water, and place in formic 
acid (i : 4 water), and keep in darkness, where the reduction 
takes place. 

5. Bapid Beduction of Gold Chloride. — A tissue may be left in 
goltl chloride (i per cent.) for half-an-hour or more, and then trans- 
ferred to a strong solution of tartaric acid and heated to 45" or 50° 
C, when it rapidly becomes of a purplish-brown colour, usually in 
the course of a quarter of an hour. 

Although it has been stated that for gold chloride preparations 
the tissues should be fresh, Drasch, in his researches on the nerves 
of the intestine and those of the circumvallate papillsB, points out 
that he obtained the best results with tissues twenty-four hours 
after death ; the tissues, however, must have been kept cool. Any 
one who has had the privilege of studying the preparations of 
Drasch cannot but have been impressed with the beauty of speci- 
mens ])repared by his method. 

6. Gold Chloride and Chromic Acid (Kolossow). — Place tlio 
tissues for 2-3 hours, according to their size, in i per cent, gold 
chloride acidulated with hydrochloric acid (i-ioo). Wash the 
tissues with water, and keep them in the dark in chromic acid 
(5V ^ Tuir P®^ cent.) for 2-3 days. Wash out the chromic acid 
thoroughly. 

7. Method of Ciaccio is good for the termination of nerves in 
cornea and muscles. Place a small piece of tissue, not more than 2 
cubic mm. in size, in fresh juice of lemon (5 minutes) : wash ; place in 
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I per cent, solution of chloride of gold and cadmium (30-60 minutes) 
in the dark. Wash ; then in i per cent, formic acid (24 hours) 
in the dark, and then for 1 2 hours in sunlight. Finally for 24 hours 
in pure formic acid. Wash. Tease and mount in glycerine. 

F. Double, Treble, or Multiple Stainiiigs. 

It is possible to stain a section so that the several parts of it may 
be differently stained. This may be done either by staining succes- 
sively with different stains, or by mixing the dyes in one fluid, and 
staining the section with the mixture, whereby one part takes up 
one of the dyes and another part one of the other dyes. Thus one 
gets an elective and differential stain. It is possible thus to combine 
a nuclear stain with one which stains only the protoplasm of the 
cells, such as eosin or orange. 

Amongst double stains are the following : — 

1. Picro-caxmine (p. 66), one of the most valuable we possess, 
and which we owe to Ranvier ; and Picro-litho-carmine. If the 
section is to be mounted in glycerine or Farrant^s solution, do not 
wash it in water. If it is to be mounted in balsam, the alcohol in 
which it is washed should contain picric acid — the same result is 
obtained by using clove-oil with picric acid dissolved in it — other- 
wise only a carmine stain is obtained. 

2. Carmine and Aniline Blue. — Stain a section in borax-carmine, 
and then in very dilute aniline blue, specially useful for the glands 
of the fundus of the stomach. In other tissues the nuclei are red 
and the perinuclear parts blue. 

3. Hsematoxylin and Eosin. — Haematoxylin is a nuclear stain, — 
the sections are first stained in it, and then in eosin, which stains 
the general protoplasm of the cell. (See also p. 72.) 

4. Aniline-blue and Safranin (Garbini). — The section is trans- 
ferred from water. 

Manipulation. 

Aniline-blue sol. (.5 per cent.), 2-4 minutes. 

Wash in water. 

Lithium carbonate (.5 per cent.), a few minutes. 

Hydrochloric acid (.5 per cent.), a transparent blue colour 

is produced. 
Wash in water. 

Safranin (i per cent.), 10 minutes. 
Dehydrate in methylic alcohol. 

Clarify in oil of cloves (2 parts) and cedar-oil (i part). 
Xylol-balsam. 

This is especially useful for some of the salivary glands — thus in 
the sub-maxillary one set of cells is red, the other blue; in the 
stomach the parietal cells are red and the inner blue ; the epithelial 
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cells of the villi are blue, the goblet cells reddish ; in a hair-follicle 
the sheath of Henle is an intense red, and the sheath of Huxley 

blue. 

5. Ehrlich-Biondi-Heidenhain Stain. 

Saturated watery solution of orange . . loo cc. 

,, ,, ,f acid fuclisiu . 20 ,, 

„ „ „ methyl-green . 5° ., 

To get complete saturation it is necessary to have an excess of 
the crystals for several days. Each fluid is saturated separately. 
Before use, the solution is diluted in the proportion of i in 100 with 
water, and then on the addition of acetic acid must be bright red. 
It is better to obtain the mixture from Dr Griibler. 
Application. 

(1.) Harden the organ in corrosive sublimate. 

(2.) Stain sections in the dilute solution (12-24 hours). 

(3.) Wash quickly in 90 per cent, alcohol.' 

(4.) Dehydrate in absolute alcohol. 

(5.) Xylol-balsam. 

It is especially useful for sections containing many leucocytes, 
and is best used for paraffin sections fixed on a slide. Ked blood- 
corpuscles are stained red, resting nuclei blue, mitotic figures and 
nuclei of leucocytes green-violet. 

General Remark on Staining. — Filter the staining fluid. 
When possible, use a loeak solution of the dye, and thus let the 
sections stain slowly in a fairly large amount of the fluid. Place a 
piece of blotting-paper on the inside of a large watch-glass, pour 
some of the diluted stain into the watch-glass, and place the sections 
in it. The sections should lie as flat as possible, and not overlap 
each other. The sections may be moved gently in the fluid by 
means of a needle. Cover the watch-glass with another glass of 
the same size, or set it aside in a moist chamber, ejj.^ on a plate 
covered by a bell-jar, with a piece of moistened blotting-paper 
attached to the inside of the jar (fig. 47). After staining, the 
sections are to be carefully washed in distilled water to remove any 
trace of surplus dye (except in the case of picro-carmine). Sections 
stained with haematoxylin should be washed for a long time in 
water before they are mounted in glycerine or Tarrant's solution. 

Be careful not to over-stain the tissue, except in those cases 
where the excess can be again removed, e.cj,^ with the aniline 
dyes by means of alcohol or acid alcohol. 

All acids should be removed from the sections before they are 
placed in the dye. 

It is convenient on many occasions that the student should 
rapidly stain his sections on a slide, but he should also be taught 
F 
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Scheinefor Stainiruj (Garbini). 



Obiect. 



In alcohol (70 p.c.)- 



Carmine. 



I 

Embedding. 



Acid a 



cohol. 



Alcohol (70 p.c). 

Alcohol (90 p.c). 

Alcohol (absolute). 

Oil of cloves. 

Balsam. 



Sections in celloidiu. 



Sections in paraffin. 



Turpentine. 



Absolute alcohol. 



Alcohol (70 p.c.). 



Carmine. Huimatoxylin. 



Acid alcohol. Acid alcohol 



Water. 



Water. 



Carb. of Lithia. 



Aniline dye. 



Absolute alcohol. 



Oil of cloves or bergamot oiL 



Xylol. 



Balsam. 



MOUNTING FLUIDS, AND METHODS. 8$ 

XIV.— MOUNTING FLUIDS, AND METHODS. 

The fluid chosen will depend on the nature of the tissue and 
other circumstances. 

1. If a section is to be mounted direct from water, glycerine, 
Farrant*s solution, or glycerine jelly may be used. 

2. If a section is to be mounted in balsam, it must have even/ 
trace of water removed by alcohol, and the alcohol must be dis- 
placed by one of the clarifying reagents — xylol, clove-oil, &c. — 
already mentioned. 

Glycerine. — Pure glycerine is only used for such tissues as 
have been previously hardened. In the case of tissues — delicate 
tissues which have not been previously hardened or fixed — the 
direct application of pure glyqerine would injure them. In this 
case, the best way is to mount the object in normal saline, and at 
one edge of the cover-glass to place a drop of a mixture of equal 
parts of glycerine and water. Put the preparation in a plate 
covered by a bell-jar — an extempore moist chamber. The glycerine 
slowly penetrates as the water evaporates. 

Some tissues are rendered too transparent by glycerine, and, 
moreover, it is very difficult to seal up and keep tight glycerine 
preparations. 

Glycerine and Formic Acid. — This is sometimes used, especially 
for picro-carmine preparations. It is made by adding formic acid 
to dilute glycerine ^i per cent.). 

Farrant's Solution. — This is for many preparations far more 
serviceable than glycerine, as it does not render some tissues so 
transparent as glycerine, and the preparations can be easily sealed 
up or " ringed.'' 

Preparation (Hamilton's receipt). — Make a saturated solution 
of arsenious acid in water by boiling. After standing for twenty- 
four hours filter. Take equal quantities of water, glycerine, and 
arsenious water, and to the mixture add picked gum-arabic. Let 
the latter dissolve until a thick syrupy fluid is obtained, which takes 
about a week at an ordinary tempcratun, but it must be stirred 
frequently. Filter slowly through filter-paper, which must be fre- 
quently changed. 

Glycerine Jelly. — Melt it in hot water, place a drop on the 
section, apply a cover-glass, and gently press it down. It gelatinises 
in a few minute. 

Canada Balsam. — Place some Canada balsam in a capsule oi' 
wide-mouthed bottle near a fire or in a warm chamber (65** C.) 
until it becomes hard. Let it cool. This dry balsam is to be dis- 
solved in some medium. Some use chloroform, others benzol, 
others a mixture of both, or turpentine as a solvent. In any case, 
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tlie solvent ia added uatil a fairly thin fluid is obtained. FerliapB 
tlie best solvent of all is xylol. It requires nearly twice its volume 
of xylol. Filter through paper. Tlje balsam should be kept in a 
" capped " l)ottle (fig. 48) instead of a 
stoppered one. If it gets too tliick, add a 
little xylol. 
Dammar Lac (/ilein). 
Gum Jaminar . . . ijoi. 

Giiti! iiisstiu . . ■ i „ 



Dissolve the dammar in the turpentine, 
and filter; the mastic in tbo chloroform, 
and filter, iiix the two solutions and 
filter again. 

'I'll ere must be no moisture in the 
bottles, and the mixture must be kept in 
' capped " bottles, else the chloroform will 
i eva|)orate. 

Xylol-Balsam, — Dry ordinary Canada 
balsam iu a sand-bath, to drive ofl" all the 
moisture, and until it becomes vitreous. 
If it be spread out in a thin layer iu a tin 
i usually aecomplisbed in two houre or so, but tlic 
1 must not be overheated or change its colour and become 
biT>wn. Dissolve the dried balsam in an equal volume of xylol. 
Pcrbaps this is the best form of balsam to use. 

Balsam, when prepared, should be kept iu a glaaa bottle with a 
ground-glass cap. 

To Place a Section on a Slide.— By far. the most convenient 
method ia to place the section in a basin of water. Hold the slide 
perpendicularly by the edges in the left hand, plunge the slide into 
the water until it is about three-fourths immersed, and with a 
mounted needle pull the section on to the slide, and at the same 
moment raise the latter out of the water. The section adheres to 
the glass, and if it be folded at one end, dip this end in the water, 
when it floata out quite flat. Do not attempt to spread out tlie 
folds on the slide by means of a needle. 

Hold the slide vertically to allow the water to drain off", and 
remove with a rag or well-washed clotli the remainder of the water 
close up to the section. 

It may be stained on the slide. After the staining is complete, 
remove the surplus dye by moans of bibulous paper, taking care, 
however, that the section itself does not adhere to the absorbent 
paper. 
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If the section is to he mounted in glycerine or FarranVs solution, 
add a drop of either of these reagents and apply a cover-glass. 

// the section is to be mounted in halsam, remove as much as 
possible of the surplus water or dye, as the case may be, and pour 
methylated spirit upon the section. Allow it to remain on the 
section for a minute or so, and drain it off at one end of the slide. 
Apply fresh methylated spirit again, and finally absolute alcohol. 
This is done to secure complete dehydration. The frequent and 
prolonged application of strong spirit removes all the water. 

Remove as much of the spirit as possible, but do not allow the 
section to dry. It is now ready to be cleared up. 

With a brush insinuate a drop of the clarifying reagent — clove- 
oil or xylol — under one corner of the section, and allow the xylol to 
flow under the whole of the section. It will gradually diffuse into 
the tissue ; and if the process be watched under the microscope 
with a low power, the section will be seen to become gradually 
moi*e transparent, while the spirit will be seen as fine globules 
driven out into the essential oil. The success of the process 
depends on complete removal of the water by spirit, and the complete 
removal of the latter by the essential oil used as the clarifying re- 
agent. If any opacity remains, and it looks milky or like an 
emidsion, there has been either water or spirit, or both, left in the 
section. 

More of the essential oil is placed on the section, so that it is 
completely bathed in it and rendered quite clear by it. Pour off 
the superfluous oil, remove the surplus close up to the edge of the 
section, add a drop of balsam, apply a cover-glass, and the process 
is complete. 

In some cases it is convenient to put the drop of balsam on the 
cover-glass, and then to invert this on the clarified preparation. 

In all cases where it is directed to mount in balsam, this process 
must be gone through, viz. — 

(1.) Stain the section. 

(2.) Wash it in water. 

(3.) Treat the section with strong alcohol (96 per cent.) to remove 
water (3-5 minutes). 

(4.) Absolute alcohol (3-5 minutes). 

(5.) Clarify with an essential oil to remove all the alcohol. 

(6.) If the section be not on a slide already, place it on a slide by 
means of a lifter. Eemove surplus oil with blotting-paper. 

(7.) Add balsam, cover the section with a cover-glass. 

(8.) If desired, the hardening of the balsam may be hastened by 
gently warming the preparation on a water-bath. 

Sometimes it is not convenient to stain, dehydrate, and clarify a 
section on a slide. In this case the sections are stained, dehydrated, 
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and clarified in wntch -glasses, the sections being transferred from 
one fluid to the other, and finally to the slide by means of a " lifter " 
(p. 3). 

Sometimes the on,e methoil is adopted, sometimea the other. 

To Clean a Microscopic Preparation. — Any excess of halmm 
round the edge of a jireparation may be moved with a cloth dipped 
in benzol. 

In the case of a [)repiiratiou niouutod in ijlycerine, any excess of 
the latter must be removed with groat care, otherwise the cement 
ifill not adhere to the glass. 

"VVitli prejiarations mounted in Ftirrwit't mhttion, leave them in 
an airy dry place for ten days or longer ; this gives the medium 
time to harden at the edges, and fixes the cover-glass ])retty firmly 
to the slide. I'l!u:e the slide in a basin of water, and with a 
cnmcl's-liair briiah bi'iish away from the edge of the cover-glass 
every trace of the medium. There is no fear of disturbing the 
cover-glass. Ijive the slide in fresh water, and then wijio it 
thoroughly dry. It is better t<i wash a number of slides at a 

To cement or " Ring" the Specimens. 

Balsam Preparations need not be touched. They keep perfectly 
without heiiig covered in by coating the edge of the cover-glass 
with an adhesive and resistant cement. If it be desired to cement 
them, a thin coating of IloUis's glue must first be applied, and after 
it is dry the cement is laid on as directed for preparations mounted 
in Farriint's solution. 

To Eing a Slide,— Tiie slide should be fixed on a turntable, 
the centre of the circular cover-glass corresponding to the centre of 

the brass disc of the table. The slide is 

fixed in position by means of two brass ^t^^^^^^ 

clips (figs. 49, a, h, 50). 

For Farraiil'f yreparations or ijlijcerine 
preparations, lay ou a ring of white zinc 
cement with a goat's-liair brush. Tlie disc 
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is made to revolve witl] the foro-fingor of the left hand, but not too 
quickly, and a coatiiig of the cement is laid on evenly. The fore- 
finger is applied to the smaller disc (r). 
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The turntable should be heavy and mounted on a pin-point 
centre-piece. The brushes must not be too large, and should be 
washed immediately after use in the same fluid as is used to dis- 
solve the cement. Thus, for zinc- white the brush is to be washed 
in benzol or xylol, and for gold-size in turpentine, and for Farrant'^ 
solution in water. 

White Zinc Cement. — Dissolve 3 oz. of dammar in 3 oz. of 
benzol, and add 200 grains of finely-ground oxide of zinc. Mix the 
whole thoroughly, and strain through several folds of muslin. It is 
perhaps more convenient to purchase the cement. 

Mounting Block. — It is important that the section be placed 
in the centre of the slide. As a guide for this purpose, cut a 
piece of paper the size of the slide, and draw diagonal lines from 
corner to corner of it ; they will intersect in the centre. Or the 
]nece of paper may be gummed by means of HoUis's glue between 
two slides. 



XV.— INJECTING BLOOD-VESSELS AND 

GLAND-TUBES. 

Transparent Injection Masses. — At the present time, histologists 
use transparent injections, consisting of a vehicle — which may be 
water, glycerine, or gelatine — and a colouring matter. Most 
commonly gelatine is used as a vehicle. The colouring matter of 
most red injections is carmine. In this case, the secret is to have 
the mass as neutral as possible. 

1. Carter's Carmine Injection. 



Carmine 


I dr. 


Stroii<r solution of ammonia 


2 fl. drs. 


Glacial acetic acid 


86 mills. 


Solution of gelatine (i to 6 water) 


2 oz. 


Distilled water 


i^„ 



Rub up the carmine with a little water in a mortar, add the 
remainder of the water, and then add the ammonia, and stir until 
the carmine is dissolved. Add the glacial acetic drop by drop, 
stirring thoroughly. Add tlie gelatine solution, and stir briskly. 

2. Ranvier's Method.— The following method yields excellent 
results. Mix 2-5 grms. of pure carmine with a little distilled 
water in a stoppered bottle, and add ammonia solution, drop by 
drop, until the carmine is dissolved, which occurs when the liquid 
becomes transparent. Shake up the liquid to get it homogeneous. 

Weigh 5 grms. of dry Paris gelatine (Coignet's), and place it in 
distilled water for one hour. At the end of this time it is swollen 
up and soft. Remove it from the water, wash it in water, and 
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place it in a beaker in a water-bath. When the gelatine is dissolved 

by the water which it has absorbed, add to it — stirring vigorously — 

the solution of carmine, which yields an . ammoniacal solution of 

carmine in gelatine. 

When the carmine mixture is on the water-bath make a solution 

of— 

Distilled water ..... 2 parts. 
Glacial acetic acid . . . . i part. 

Pour the acid drop by drop into the mass, stirring thoroughly 
all the time with a glass rod. The acid is to neutralise the excess 
of ammonia. This requires great attention. It is by the odour 
that one recognises when the fluid is neutralised. As the acid is 
added the ammoniacal odour diminishes, and there is at last a 
faint acid odour. This is the moment to stop adding the acid. 
Towards the end of the operation it is best to dilute the acid 
somewhat. 

Filter the mass through nfno flannel. 

3. Gaxmine Gelatine Mass (Carter' a) (Fearnley's method). 

Carmine ..... 3 grams. 

Strong ammonia . . . . 6 cc. 

Glacial acetic acid . . . . 6 ,, 

Coignet's French gelatine . . .7 grms. 

Water . . . . . 80 cc. 

Cut up the gelatine into small pieces and place it in 50 cc. of 
the water to swell up, i.e., for four or five hours. Kub up the 
carmine in a mortar with a little water and add the ammonia. 
I^^t it stand for two hours and then pour it into a bottle, rinsing 
the mortar with the remainder of the water. Place the swollen- 
up gelatine, and any remaining water unabsorbed by it, on a 
water-bath until it melts. To the dark purple carmine fluid add 
the acid (a few drops at a time), mixing the two thoroughly, and 
as soon as the fluid changes to a crimson stop adding the acid. To 
the melted gelatine add the crimson carmine little by little and 
keep stirring all the time. 

This mass may be kcj^t in a cool ])lace for a long time if its 
surface be covered with methylutod spirit. Before using it, 
dissolve it on a water-bath, and filter it through fine flannel 
wrung out of hot water. The best gelatine to use is French 
gelatine — Coignet^s. 

4. Blue Mass. — The mass is made with gelatine coloured with 
soluble Prussian blue or Briicke's blue. It is very diflicult to 
obtain a pure sample of Briicke^s blue, but this can now be had 
from Dr. Grubler of Leipzig. Use a saturated watery solution of 
Briicke^s blue. 

Weigh 5 grms. of gelatine, and treat it exactly as described 
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for the carmine mass of Ranvier. Take 125 cc. of the blue solution 
and heat it on a water-bath, and when the gelatine is fluid and 
still on the water-bath, add the warm blue solution in a small 
quantity at a time and stir briskly. The glass rod should show no 
granules on it when it is withdrawn from the mass. Filter the 
mass through new flannel. Even the best gelatine gives a precipitate 
at first, but it disappears with heat. 

Other injection masses are used, e.g.^ a watery solution of 
Brucke's blue, or gelatine and silver nitrate. These are referred 
to in the text. 

Brass Syringe. — Many good injections have been made with a 
brass syringe. The syringe should have a long barrel, and be 
warmed by repeatedly sucking up hot water before the injecting 
fluid is drawn into it. When the injection mass is forced into 
the blood-vessel, the pressure should be applied steadily, and should 
not be so great as to rupture the small blood-vessels. 

When the blood-vessels of an animal are to be injected, deeply 
narcotise an animal with chloroform, e.g.^ a rabbit or a rat ; make 
a vertical incision through the skin from the lower part of the 
neck to the ensiform cartilage, cut through the sternal cartilages, 
turn up the breast-bone, and pull the sides of the thorax apart 
to reveal the contents of the chest. Open the pericardium and 
make a snip into the right ventricle. Tie a ligature round the 
upper part of the sternum to prevent escape of the injection 
through divided vessels. Wash the blood out of the chest. Snip 
off the apex of the heart, whereby the cavity of the left ventricle 
is opened into. 

Insert a cannula into the left ventricle and push its nozzle into 
the aorta. Tie it firmly into the aorta with a stout thread. 
Place the animal in a bath in warm water at 40° C. If a syringe 
is to be used, by means of a pipette fill the cannula with the 
injecting mass, and attach the syringe and force the mass onwards 
into the blood-vessels. This is done by slow, steady pressure. 
It takes fifteen or twenty minutes to make a good injection. 
Any sudden increase of pressure is apt to cause rupture of blood- 
vessels and consequent extravasation of the injection mass. We can 
judge when a part is well injected by the colour of semi-trans- 
parent parts, such as the gums or the skin. They must be deeply 
coloured by the injection mass if the injection is successful. 

Continuous Air Pressure. — Most frequently injections arc now 
made by continuous air pressure. The apparatus used should consist 
of a tin trough sufficiently large to contain the animal to be injected, 
and contain sufficient water to cover it The water is kept at 
40° C. by means of a gas-burner or spirit-lamp. In the same trough 
are placed the injection masses in WoM's bottles. Each Wolff's 
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l)ottle is connected to a large air-chamber into which water can flow 
from the water-tap, and thus compress the air. The pressure within 
this cylinder can be registered by means of a manometer. The com- 
pressed air acts on the surface of the injection mass in the Wolffs 
bottle, and forces it through a tube which is attached to the cannula 
fixed in the aorta. The large cylinder for the compressed air may be 
made of tin, or one of the large stone jars used by spirit merchants, 
or a carboy may be used. 

After the tissues are injected, they should be cooled rapidly by 
being placed in running water. After the mass is completely set 
the injected organs are cut into small pieces and hardened in 
alcohol. 

The methods of interstitial injection of fluids and the puncture 
methods are referred to in the text. 



XVI.— EXAMINATION OF FRESH TISSUES AND 

FLUIDS. 

In examining a fresh tissue or organ snip off a small part with 
scissors and tease it in normal saline, or one of the indifferent fluids 
mentioned in Chapter III. A convenient plan with some organs, 
e.fj.y lymphatic gland or liver, is to make a fresh cut and scrape 
the surface with the blade of knife, and then examine the scrapings. 

If it be desired to study the tissue elements, it may be placed in 
one of the macerating media mentioned in Chapter IV., the parti- 
cular fluid selected depending, of course, on what object is sought 
to be obtained. 

If it be desired to render certain parts of the tissue moi^e trans- 
parent, it may be examined in glycerine. 

Again acetic acid (1-2 per cent.) may be added to a fresh tissue. 
It has the double action of making connective tissue swell up 
and become transparent, tlius making nuclei more evident, while it 
also slirivels the latter somewhat. Albuminous granules are dis- 
solved by it, while oil globulos are not, so that it may be useful 
occasionally in determining the nature of the granules in proto- 
plasm. Elastic fibres are not affected by it, and thus can readily 
be distinguished from the white fibres of coimective tissue. Groups 
of micro-cocci are also not affected by it. 

The tissue may be stained by acetic fuchsin. This is made as 
follows: — To a 2 per cent, solution of acetic acid add sufficient 
fuchsin to give a saturated red colour (Kahlden). This reagent not 
only makes the nuclei visible, but it stains them as well. 

Sometimes a weak watery solution of iodine makes the outlines of 
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tissue elements more distinct. It is used in the form known as 
Lugors Solution diluted with water. 



Iodine . 
Potassic iodide . 
Water . 



I part. 

2 



lOO 



I) 



Weak- Alkalies (1-3 per cent.) dissolve most tissues with the 
exception of elastic fibres, pigment, fat, and bacteria. 

The vapour of osmic acid or the fluid itself (i per cent.) may be 
used. It blackens fatty particles. 

Finally, the tissue may be stained by means of a watery solution 
of methyl-green, methyl-violet 5B, acetic fuchsin, or methylene-blue 
in the form of Loffler's Methylene-blue. 



Concentrated alcoholic solution of methylene blue 
Caustic potash (0.10 p.c). . , 



30 CO. 
ICQ „ 



ScheTmfor Living or Fresh Objects, 



Harden the pieces (§ IV.). 



Stain in bulk. 



Embed (§ IX.). 



Make sections. 



Fix on slide (§ XL ). 



Stain the sections (§ XII.). 



Clarify sections (§ XIII.). 



Mount sections. 



r 
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Fresh Fluids with Snspended Particles.— In tln' eKumination qi 
a fluiJ for sus|.>cni](^J jiarticles, e.;/,, bacteria, such as cells, membnine^ 
&c,, especially if these !«■ few in number, it is well to place it in i 




conical gliisB and allow the deposit tu subside. It 
removed with a glass pipette. 

Oentrifugal Apparatus, — To collect the sediment o 
particles, a centrifugal apparatne is moat useful. By means of it J 
the depoeit can readily be collected at the bottom of a test-tab^. | 
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Fig. 5 1 shows a form of band-centrifage devised by Litten ^ and 
Muencke of Berlin. The figure is reduced to ^ the natural size. 
One revolution of the wheel R — its teeth fit into the thread of the 
vertical axis S — causes 50 revolutions of the disc M with the 4 glass 
tubes G. The wheel can readily be turned 100 times per minute, 
which gives 5000 revolutions per minute for the disc. Fig. II. shows 
the disc in full rotation, and fig. III. the form of glass vessel used. 

By means of this instrument^ corpuscles of light specific gravity, 
such as blood-corpuscles, albumen, micro-cocci, as well as crystals, 
e.g, oxalates, can readily be obtained in the form of a sediment, and 
it is therefore especially useful for the investigation of the deposits in 
urine and exudations. It is also very useful for obtaining tubercle 
bacilli from sputum. 

Synoptical Statement. 

Processes required for Preparing a Speciinen for Microscopic Ex- 
amiruUion, e.g,, the Spinal Cord of a Dog or Cat (Garbini). 

Cut the cord into pieces about 2 centimetres in length, wash them 
in normal saline to remove all blood. Place them in 



1. Bichromate of potash (2 p.c.) 

2. Wash in running water 

3. Alcohol (50 p.c.) 

4. „ (70 p.c.) 

5. „ (90 p.c.) 

6. „ (absolute) 

7. In xylol or chloroform 

8. In paraffin on warm bath . 

9. Embed in paraffin. 



10 days 
12 hours 

I day 

4 days 

I day 

I day 

1 2 hours ) 'Ti . 
6-8 hours > '^ ^ 



03 
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10. Cut sections with microtome, and fix them on a slide 

with fixative. 

11. Remove paraffin by washing in toluol or turpentine, and ( ^ 

then in absolute alcohol to remove essential oil. » O 



12. Place in 70 p.c. alcohol. 

13. Stain in strong carmine 

or hsBmatoxylin (5-15 
minutes). 

14. Wash in water, then in 

70 p.c. alcohol, and de- 
hydrate in absolute alco- 
hol (5-10 minutes). 



=2 • 

d GO 

S o 
08 'o 

^ s 

fcjD So 

•S t 

02 



1 2. Place in distilled water. 

13. Pour on a few drops of 

the aniline dye (3-5 
minutes.) 

14. Wash in water and then 

in absolute alcohol until 
the section has the de- 
sired tint. 



^ Devisch, med, Wodiensch., No. 23, 1891. 
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15. After removing surplus alcohol, pour on a few \ Dehydra- 

drops of essential oil (origanum, xylol). > tion and 

16. Remove oil and mount in xylol-balsam. ) mounting. 

N,B. — In making a balsam preparation, the sections must always 
pass through four groups of fluids. 

I ► 2 > 3 ► 4 

Watery liquid — Alcohol — Essential oil — Balsam. 
I < - 2 < 3 < 4 

Never take an object from one group to another of the series 
without passing it through the intermediate group; it must be i)assed 
from the ist to the 4th, and on the return from the 4th to 
the ist. 



PART II. 



LESSON I. 

MILK, GRANULES, FIBRES, AND VEGETABLE 

ORGANISMS. 

1. Examine the Microscope, the objectives, and the eye-pieces. 

(a.) Select the objective and ocular required. For a high power 
(H), if a Zeiss' microscope be used, select the objective D and the 
ocular 2 ; if Hartnack's, the objective No. 7 and the eye-piece III. 
See that the lenses are clean. Place the ocular in the tube, and 
screw the H lens to the lower end of the tube, and leave it half an 
inch above the level of the stage. For a low power (L) use No. 2 
ocular of Zeiss or III. of Hartnack, and objective A or No. 3 
respectively. In using a low power, the lens must bo i^ inches 
above the stage to begin with. 

{p.) With the microscope in front of you, with high-power lens 
on it, arrange the concave side of the mirror under the stage so as 
to reflect a beam of light up the tube of the microscope into the eye, 
looking in at the ocular. Turn the sub-stage diaphragm until a 
small aperture in it is under the aperture in the centre of the stage. 
If any specks are visible on looking througli the microscope, rotate 
the ocular ; if they move, of course they arc on the ocular itself. 
Clean the outer surfaces of the lenses of the ocular with a piece of 
clean wash-leather, which should be kept tied to the microscope and 
used for no other purpose than cleaning the lenses. Replace the 
ocular, and if specks are still present and move when the ocular is 
moved, they must bo on the inner surface of the eye-glass or field- 
glass of the latter. This is easily determined by rotating the eye- 
glass of the ocular alone, while looking through tho microscope, and 
observing if the specks do or do not move with it. Clean the inner 
surfaces of these lenses. A general dimness indicates that the objec- 
tive itself is dirty. The light used should not be direct sunlight, 
but preferably light reflected from a white cloud. 

10 a 
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The rule with regard to the use of the diaphragm must never be 
neglected, viz., to use a small aperture with a high power, and a 
large aperture with a low power. 

2. Glean a Slide and Cover-Glass. 

(a.) The Slide. — Seize the slide by its edges with the thumb and 
forefinger of the left hand, dip one half of it into water, withdraw 
it, and with a clean old handkerchief rub both wetted surfaces at 
once until they are clean and dry. Reverse the slide, still holding 
it by its edges, and dip the other end in water, and clean its surfaces 
as before. Lay the slide upon some clean, suitable background, 
white or black paper, or on the j)hotophore. 

(/>.) The Cover-Glass. — Sometimes the covers have a thin film on 
them ; this may be got rid of by placing them in strong sulphuric 
acid, and subsequently removing every trace of acid by water. Dip 
the cover-glass in water, take it between two folds of a handkerchief 
held between the thumb and forefinger of the right hand, and rub 
both surfaces at once. After it is cleaned, do not lay it flat, but 
tilt it up against some convenient object. 

The first lesson is devoted to the examination of a few simple 
objects — some of which are occasionally found as foreign bodies in 
microscopical preparations — with a view to familiarise the student 
with the use of the microscope. 

3. Milk. — By means of a glass rod, place on the centre of the 
slide a small drop of milk diluted with three or four volumes of 
water. To find the centre of the slide, use the mounting block 
(p. 89). 

A}r[>li/ a Cover-Glass. — Seize the cover-glass by the edge by means 
of a pair of forceps with broad points. The pattern shown in fig. 
6 is convenient. The edge of the cover-glass opposite to the forceps 
is allowed to touch the slide close to the drop of fluid, the edge 
opposite being gradually and evenly lowered by depressing the 
force])s until the fluid touches the under surface of the cover-glass. 
By lowering the cover-glass thus gently and obliquely the entrfince 
of air-bubbles is avoided. Place the object on the stage right under 
the lens. 

Focv,s the Ohject (H). — The objective is still half an inch above 
the stage. While looking into the eye-piece of the microscope, 
seize the tube of the latter between the thumb and adjoining fingers 
of the right hand, and with a screwing or twisting movement of 
the tube from left to right, gradually depress the tube until the 
outlines of the object are indistinctly seen. This is the coarse 
adjustment. The focussing process is facilitated by keeping the 
slide and object moving slightly. This can readily be done by 
moving the slide with the thumb and forefinger of the left hantl, 
the ulnar margin of the palm conveniently resting on the table. 
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Now nse Hiejine aJJugtment, aud hnn-r tlio (nitlin 
in the field sharply into view. 

Il is of the greatest iniportiL:iu« \hnt t\v: stutleut should be taught 
to desui'i1)C the objects which he sees, and also to iu:ike skett^hca of 
them. To facUitate the deecription of isolated objecta, the follow- 
ing heads may be adopted :— 



c. Surfaces (upper and Iowit). 

d. Size. 

e. Colour. 

/. Transpnrenoy and relation ti> lif;ht. 
(/. Contents. 
)(. KSecta of reagents. 

In the object under cxiimhiation Llioro is a large number of 
niimita bodies floating in a iluitl. Describe the appeanmce of the 
floating particles under the following heads : — 

(a.) Shape. — The milk globules (fig. 52) are spherical, as can bo 
shown by touching the edge of th« cover-gloaa with a needle, and 
then observing them as they 

rotate in the field of the micro- ~ " 

scope. Moreover, if one be 
toeusBeil, its outline conu's 
gradually into focus, and ilis- 
appeara gradually, while optically 
with regard to light these boilii's 
behave as globules, and not us 

(6.) Bonhr. — Smootii and 
regular. 

(f.) Snrfaeen. —TJQyatc. the 
objective by means of the fine 
ndjustment imtil the upper siir- 
tacc of the globules comes into 
vii'W ; depreJts it again slowly pro. 5=. 

and tlicn examine the globule 
throughout ils entire thickness, until its \m 
into view. Both surfaces arc smooth. 

{il.) Sho. — The globides are not all of the 
meflsnre their actual size (p. zo). 

(e.) Colour.— The smaller ones appear colo\irli 
larger may have the slightest tinge of a faint yellow. 

ij.) TrfiiutjKir&vcif and rel'itiim f<i li;//ii. — Thi'y arc tn 
bccnuae the outline of a Kiibjaccnt one can be seen llirough 
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lying over it, Kotice also tlic liiglily refractilo character of each 
globule, characteristic of an oil droplet (fig. 55, 3). 

(^.) Contenls. — They apjicar honic^eneouB and uniform, and no 
included body is to bo seen. Yach globule is, in fact, a globule 
of oil. 

(A.) Efffds of r>:a'ji:nfx. — To one side of the eover-glaes apply a 
drop of aceiie actil. To the opposite edge of the cover^lass apply 
the ai)ex of a triangular piece of blotting-paiier. The blotting- 
paper sucks up some of the milk, and the acid runs in at the 
ojiposite side to supply its placa This is the process of irrigaiion. 
Move the slide to bring into focus a part of the field which has 
been acted on by tlie acid, and note that the corpuscles, instead of 
floating about singlj' as before, are now aggregated into small groups. 
The acid seeius to have altered the surfaces of the globules, so that 
they adhere to each other. The acid is said to act on the casein 
envelopes of the globules, and to soften or dissolve them. This 
preparation is not to be preserved. 

Make sketches of these objects before and after the action of 
reagents. 

4. Potato-Starch Granules, —With the blade of a knife gently 
scrape the surface of a freshly-cut raw potato ; place the matter 
so obtained in a drop of water on a slide. Remove any coarse 
fragments, and apply a cover-glass. Focus the object (H). 

{«.) Observe that the granules (fig. 53) are ovoid bodies of 
unequal size, not equal at the two ends, clear, and with a sharp 
outlina Xear the smaller end of each grannie 
notice a small spot, the " nucleus " or hilum, round 
which are concentric layers, giving rise to the 
appearance of fine concentric lines arranged with 
relation to the nucleus. The lines are more 
iiieroua on one side of the hilum than the other. 
Sketch two or three of the granules. 

(6.) Irrigate the corpuscles with a diluted solu- 
tion of iodine in iodide of potassium. Each 
liiit&stii^h." '" R™!"-'!'* becomes blue as the iodine reaches it 
This is duo to the formation of iodide of starch. 
If the iodine be too strong the granules appear black. 

0. Kice-Starch (H). — !Exnmine a little rice-starch in the same 
ivay. Notice the much smaller irregular granules. Each granide 
is polygonal, mostly Jive or six sided. The granules are stained blue 
by iodine (fig. 54). !Makc sketches of the starch corpuscles. 

6. Gamb^ and Brownian Uovement (H). — Rub up a small 
piece of solid gamboge in water until the hitter has a faint yellow 
appearance. Place a drop on a slide, cover, and examine. 

(a.) Observe granules of various sizes and shapes floating in the 




L] milk, fibres, vegetable LIRGANISMS. 

field. The larger ones appear coloured yellow, but the liner c 
cannot lie seen distinctly as yellow Lodies. 

{/>.) Note the finer gntnules, whicii exhibit a slow 
dancing movement. They are never at rest. This is 
called Browntan raovement, and appears to be due to . 
inequalities of temperature in different strata of the 
fliiiiL This movement is exhibited by all finely- 
divided particles suspended in ii fluid, e.ff., China ink, , 
Kerlin blue, provided the particles be small enough, 
and the fluid in which thoy uru suspondod bo not ti>o 
viscid. The fine granules in salivary corpascles ex- 
hibit this movement. (Les,sou IV. 1, d). 

7. Air-Bubbles in Gum or WateT(H),— Makca solution of gum 
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mucilage and ehako it up in a test-tube with air until it forms lino 
bubbles. Place, a drop of it with its included bubbloa on a slide, 
cover, and examine. 

(«.) Observing larger and sniallei- bubblus, especially note how 
the ap|)caranco of the bubble varies with the elevation or depres- 
sion of the lens. Sketch these appearances. When the tube is 
depressed, the bubble ha« a smaU, clear centre, and a wide, black, 
shaqt, rcfractile margin (lif;. 55, A), because so much of the light 
is refracted by the air, and does not i>ass through the bubbles of 
air into tlic lens. Study the appearance of the bubble when the 
centre and then the up[)er surface are in focus (B, C). 

The student will have an opportunity by-and-by of observing 
the appearance of a bubble of air in Canada Ixilsam (lig. 55, 2), and 
an oil globule in water (fig. 55, 3). 

8. Cotton Fibres (H). — Place a few fibres of cotton-wool in 
water, cover, and examine. 

(a.) Observe the fine translucent flattened threads, which ar® 
really tubes, each looking as if twisted on itself at intervals 
(fig. 56). 

(h.) Remove the cover-glass and 
the water, add a drop of iodine ; 
cover and examine ; note thut the 
fibres are yellowish ; add a drop of 
strong sulphuqc acid or a drop of the 
following mixture ; — Glycerine 2, 
water i, and sulphuric acid 3 parts. 
At the edge of the cover-glass suck 
it through witli blotting-paper, anil 
note that the fibres Income blue. 
They are cora|>oaed of cellulose, 
which docs not give a blue with 
iodine alone, hut with iodine and 
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9, Linen Fibres (H). -Examine 
ill water. 
__ _^ (a.) Obsirvc the cylindrical or 

flattened translucent fibres with no 
twist ; but tlicj liavc a few markings on them here and there, and 
at these points the fibre is generally slightly thicker. They are in 
reality tubes with thick walls (fig. 56). 
10. Wool (H). — Examine in water. 

(a.) Observe the cylindrical fibres with numerous zigzag trans- 
verse lines due to the epithelial covering of the ilbro (fig. 56), 
It is convenient to flxnniine dyed wools also, as sonic of these 
exhibit the zigzag imbricate scales even better than umljeil wi\>!. 
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11. Vegetable Cells formii^ a Hembrane. — With a pair of 

forceps peel off a thin layer of the covering of a fresh onion bulb. 
Examine it either in water or in water after staining with a solution 
of iodine (H). Obaerve the cells (flg. 57) with well-defined walls, 




i to form a niembrane^ — 1 
ml the granular cell-C' 



mid united to each other by the edges 
exccntricftlly placed spherical nuclei 
tents. 

12. Cells with sinuous mai^ns, and rontaining chlorophyll 
<,'ranulo8, may bo studied in a leaf of the Duckweed or Letmta minor, 
also the reaction for cellulose (sulphuric acid and then tincture of 
ioiliue = blue) in the same plant. 

13. The currents in protoplasm are well seen (H) in Ckara rit!~ 
ijan'K, which is so common in our streams. 

Vegetable Micro-organisms.— These are frequently found in 
microscopic preparations, while others arc the cause of various 
diseases. They are usually classified as follows :— 

1. Motddg. 

2. Saccharomijeetts (yeast-like organisms). 

3. Schizomi/Krtm (hacteria-like organisms). 

14. Pemcillimn (H).— ITiis mould is n-aiiily found 01; starch- 
]iaste or on Miillcr's lluid preiiiirations which linve been left stand- 
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liuni. 
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ing uncovered. Place a little on a slide, add a drop of water, cover, 
and examine. 

(a.) Observe the stems, consisting of narrow, clear, oblong cells, 
joined end to end, and on the summit of each are several 
rows of small spores. The rootlets or mycelium consist 
of elongated chains of narrow oblong cells. 

The myedium is composed of much-branched hyphce. 
The cells, elongated and narrow, composing these are 
separated from each other by numerous partition walls 
(fij^. 60, e). The walls consist of cellulose and contain 
l)rotoplasm with vacuoles. 

(h.) Search for one of the hyphsB which bear on 

their free ends a brush-like group of cells, some of 

Oonidiophore ^^'hicli become constricted to form chains of spherical 

bearing Stylo- stfjlofjonidia (fig. 58). The ripe stylogonidia have a 

"theVyphw grccn colour, and they give the mould its green 

appearance. 

15. Yeast (H). — Place some German yeast in sugar 
and water ; keep it for several hours in a warm place. Examine a 
drop of the fluid. 

(a.) Observe the small oval yeast-cells, each with an envelope, a 

large clear vacuole, and granular proto- 
plasm. 

{h.) Search for one budding, and 
notice the small faintly granular bud 
adhering to and projecting from the 
mother-cell (figs. 59, 60,/). 

Each yeast plant is a single cell or 

It is composed of a transparent thin delicate 

envelope or cell-wall, composed of cellulose. When the cell is 

ruptured the empty cell-envelope may 
be seen in the field. "Within is 
(jraiiular pi'otoplasm, containing, as a 
rule, a clear space or vacuole. Some 
cells contain a nucleus. 

(c.) Stain the preparation with a 
watery solution of magenta. Note 
that all the cells do not stain equally 
well. The buds on the side are stained 
^^'^'^Tytu^TTVr^oi&^r/. of a deep red, and to a less extent the 

Yeast-Cells; g. BacUli and Micro- protoplasm of most of the Cells. 

*^^' 16. Micrococci and Bacteria (H). — 

Set aside a solution of peptone or a watery extract of a piece of flesh 
for some time, until a scum forms on the surface due to putrefaction. 
Place a little of the scum on a slide, cover, and examine. 
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I>udding. 

morphological unit. 
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(a.) Observe groups of small round specks, often held together 
by a homogeneous medium. These are micrococci (fig. 60, d). 

(b.) Small elongated rod-like bodies, each moving across the field 
in a zigzag like manner. These are bacteria (fig. 60, g), 

N.B. — 171 all cases sketches must he made of tJie objects examined. 
This holds good for this and all succeeding lessons, 

17. Determine the magnifying power of the microscope. — Do 
this according to the method described at p. 19. 



ADDITIONAL EXERCISES. 

18. Staining of Fiasion Fnngi or Schizomycetes. — They stain readily with 
aniline dyes, especially basic aniline colours. Scrape off a little of the coating 
which accumulates on the surface of the molar teeth, press it between two cover- 
glasses, so as to make cover-glass preparations. Glide the one glass off the 
other. Place the cover-glasses, film surface downwards, in a i per cent, solu- 
tion of methyl-violet, gentian -violet, or methylene-blue contained in a watch- 
glass. Heat the watch-glass and its contents over a gas-fiame until a faint 
cloud of vapour rises ; allow it to cool, and in 5-10 minutes or so the colora- 
tion is complete. Remove the cover-glasses, wash them in water, and place 
them in absolute alcohol. Remove the cover-glasses and allow them to diy in 
the air and mount in xylol balsam. A moist cover-glass preparation from 
absolute alcohol may be clarified with xylol. 

{a. ) Observe many epithelial cells coloured, but so are the organisms. 

If it is desired to ha^e only the organisms coloured, the stained cover-glasses 
are taken direct from -he staining solution, or laved in absolute alcohol and 
placed in a solution of iodine composed of i part iodine, 2 j)arts potassic iodide, 
and 300 water, in which they are kept for a few minutes. Transfer them to 
and wash them in absolute alcohol until nearly all colour is gone, and clarify 
with xylol. Only the organisms are of a dark -blue tint ; the other tis.«ues are 
decolorised or nearly so. This is Gram's method. 

Stain bacteria from a putrefying proteid fluid, cjj,^ peptones .01 meat- 
extract, in the same way. 
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LESSON II. 

THE BLOOD. 

Under the microscope blood is seen to consist of a clear, transparent 
fluid, the plasma or liquor Banguinis, in which are susjiended the 
blood-corpuscles. The blood-corpuscles are of two kinds, the red 
or coloured, and the white, pale, or colourless. Besides these, 
ihere fall to be examined the blood-plates, or, as they are also 
called, blood-tablets or platelets. 

' Blood-plasma. 
Blood - I Red. 

^Corpuscles <. White. 

( Platelets. 

BLOOD-GOEPTTSGLES OF AMPHTBTANa 

(A.) Goloured Gorpuscles of Amphibians (Newt or Frog). — After 
destroying the brain of a newt or frog, a drop of blood may be 
obtained from the cut end of the tail of the former, or from the cut 
surface after amputation of the foot of the latter. 

1. Bed Gorpuscles (H). — Place a small drop of blood in the 
centre of a perfectly clean slide and cover it at once with a cover- 
elass. Examine it with a high power. To avoid the pressure of 
the cover-glass, a short length of a hair may be placed in the blood 
droplet before the cover-glass is applied. 

(a.) Observe the coloured and colourless corpuscles, the former 
much more numerous than the latter (fig. 6i). 

(b.) Study the red cotyuscles. Observe that they are very numer- 
ous, elliptical in outline when seen on the flat, slightly yellowish 
in colour ; their border or contour is even and well defined. Select 
one seen on edge, and note that it is a thin ellipse, pointed at the 
ends, becoming gradually thicker in the centre, so that it is a hi-convex 
elliptical disc. Sometimes one corpuscle can be seen overlying a 
subjacent one, in which case the outline of the latter can be dis- 
tinctly seen through the former, indicating that the corpuscles are 
transparent (fig. 6i). Notice within each cor]>uscle a lighter oval, 
central area, indicating the existence of an elliptical, colourless, 
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elongated, granular-looking included body — the mtcleus. Thi.' lung 

axis of the colourless nucleus coincides ivith the loog axia of the 

corpuscle. At fifst, the nucleus 

may not be very distinct, but 

after a. time it be/iomes distinctly 

visible, iind it can bo readily 

made BO by the action of certain 

reagents, especially weak acids. 

Small vacuoles frequently appear 

in the Ijody of the corpuscle, more 

espetiaily ia frogs that have been 

kejit some tinte. In others there 

may be seen a faint, radiate 

striping of the corpuscles as if 1 

there were fine folds in it doe to 

partial d tying. 

The yellow colour ia duo to the 
presence of tuemoglobiB, which 
is enclosed within the meshes of 
a coloiirless etroma or delicate ' 
fraraework. 

If the blood be taken from a 
frog which has been kept through- 
out the winter, vacuoles may be 
seen in the hiemoglobin of the red corpuscles (fig. 61, «). They are 
rapidly proiluceil in frogs after the injectiou of ammonium chloride. 

Sketch two or throe corpuscles, both redand white ; the red cor- 
puscles both on the fiat and on edge, and two 
overlapping each other. 

2. Acetic Acid._To the edge of the 
cover-glass of the same preparation apply a 1 
drop of dihite acetic acid (i per cent.— 
glacial acetic acid to 99 cc. of normal saline | 
solution). The acid runs in under the cover 
■ glass, but if it does not, ajiply a small tn 
angular piece of blotting-paper to the opjiositc 
edge of the cover-glass. Let one of the angha 
of tlie blotting-paper toui:h tJie fluid uudtr ^^^ 63— AmphiiiiBiiCoi oreU 

the cover-glass, and it will suck tip some of Blood l orpiULles eeoii m 

the blood, and thus cause the acetic acid to « "o^' "" ^'*^' 
run in nt the opposite side. This ia known 

as the process of irrigation. Move the slide, and find a part (if tJie 
object which has l»en acted on by the dilute acid. 

(o.) Observe that the red ci.irpuscles, or at least most of them, 
become spherical and decolorised, tho nucleus becomes very distinct 



Colniirless corpuscle at 
w[th iimaibold prucetaea 
cbU, probably from tha yb 
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and granular, while the outline of the corpuscle may become very 
indistinct (fig. 63). The nucleus appears somewhat shrunken or 
.shrivelled. If the corpuscles are roughly treated, the nucleus may 
be seen placed excentrically, or even extruded from the corpuscle. 
The acid acts on the haemoglobin, forming a new compound, which 
diffuses out of the corpuscles and stains the surrounding plasma a 
faint yellow. The nucleus in some of the corpuscles may absorb 
some of the yellow pigment, and become stained thereby, especially 
if a strong solution of acid has been used. The action on the 
colourless (corpuscles is referred to at p. 112. 

3. Dilute Hydrochloric Acid, i per cent. (H). 

(a.) To a fresh drop of blood add, as before, a drop or two of 
dilute hydrochloric acid. Watch diligently one or two of the red 
corpuscles. Tliey gradually enlarge, become spherical, and may all 
of a sudden burst and discharge their contents, the nucleus coming 
clearly into view during the process. After the rupture, the residue 
of the stroma of the cor[)Uscles may be seen in the fi^ld. In other 
cases the corpuscles become clear, globular, and transparent, with 





FlO. 63.— Frog's Red 
BlcK>d - Corpuscle 
acted on by Dilute 
A-cetic Acid, x 300. 



Fia. 64. —Action of 
Water on an Am- 
phibian Coloured 
Hl(M)(l-Corpnscle. 



Fig. 65.— Action of 
Syrup on Frog's 
Red Blood - Cor- 
puscle, X 300. 



here and there line shreds stretching between the nucleus and the 
surface of the spherical corpuscle. 

4. Water (H). — To a fresh preparation of blood apply a drop of 
water to the edge of tho cover-glass, and notice its effects upon the 
corpuscles. 

(a.) The water rai)idly diffuses into the corpuscles and renders 
them spherical, while at the same time it decolorises them, the 
haemoglobin diffusing outwards into the plasma, and staining it 
slightly yellow. The nucleus also becomes spherical. Thus the 
outline of the corpuscles becomes very faint in the field of the 
microscope, the corpuscles themselves now almost consisting of a 
nucleated stroma (fig. 64). 

5. Strong Syrup (H). — Place a small drop of blood on a slide 
and near it a drop of syrup ; mix the two with a needle, and apply 
a cover-glass. 

(a.) Observe that soTBe of the red corpuscles are rapidly 
shrivelled and puckered, especially when seen on edge, OAving to 
fluid passing out of them by exosmosis (tig. 65). Some of them 
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may present here and there a reddish tinge. All the corpuscles 
are not affected equally or at the same time. The same effects arft 
produced by strong saline solutions. 

6. Tannic Acid (H). — On a slide mix a drop of blood with a 
drop of tannic acid, using a relatively large drop of the acid fluid ; 
wait for about a minute, and then apply a cover-glass. 

(a.) Observe that some of the corpuscles become globular, while 
the haemoglobin passes out of the corpuscles at one or more spots, 
and appears on the surface in the form of one or more small 
granular buds (fig. 66, c). Sometimes the bud or buds are small. 
At others the bud may be as large as the remainder of the corpuscle, 
which has become smaller and partly decolorised. In other cases 
it may be collected around the nucleus {RoherU). The tannic acid 
causes a separation of the hasmoglobin from the stroma. 

The solution of tannic acid is made by dissolving 2 grains of 
tannic acid in i oz. of boiling water, and allowing it to cool. 
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Fig. 66.— Actio"! of Tannic Acid 
on the Ited Bloo<l-Corpuscles 
of Man (a, h) and J'rog (c). 








Fig. 67. — Action of Boracic Acid on a Frog's 
Red Blood-Corpuscle. 



7. Boracic Acid. — Mix a drop of newt's or salamander's blood 
with a 2 per cent, solution of boracic acid, which takes a short 
time to act on the corpuscles and produce its effects. 

(a.) Observe that the haemoglobin is collected around the nucleus, 
so that the presence of the latter is obscured, but in many of the 
corpuscles fine threads of haemoglobin remain attached to the 
circumference of the corpuscle, so that the retracted haemoglobin 
may have a stellate fonn, while the rest of the corpuscle is colour- 
less. To the latter Briicke gave the name Oikoid^ to the former 
Zooid (fig. 67). 

If these corpuscles are acted on for twenty-four hours with i per 
cent, osmic acid, they aje " fixed," and may be mounted permanently 
in glycerine-jelly. 

8. Magenta. — Mix a drop of blood and a drop of the special 
magenta fluid (p. 74) on a slide, cover, and examine. 

(a.) Observe that the nuclei of the corpuscles, both red and 
white, are stained of a brilliant red, although the surrounding pjirt 
of the corpuscle is not so stained, unless the magenta be in gront 
excess. All the corpuscles are not stained equally brightly. On 
the edge of some of the corpuscles at one or more points will be 
found small coloured spots or thickenings. 
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9. Osmic Acid and Picrocarmine (H). — This preparation is 
best made by mixing a few drops of blood with an equal volume of 
I per cent, osmic acid in a small tightly-corked tube, or by exposing 
a thin tilm of blood to the vapour of a 2 per cent, solution of osmic 
acid. After two to four hours pour off the supernatant fluid and 
cover the residue of corpuscles with picrocarmine. After twenty- 
four hours the picrocarmine can be poured off, and a little of the 
deposit placed on a slide and mixed with glycerine-jelly dissolved 
by heat, and covered (p. 85). 

(a.) Observe that the nuclei of the corpuscles are bright-red, and 
the perinuclear part of the corpuscles yellow. Within the granular- 
looking nucleus, with a good lens, may be seen a network of fibrils. 

Tliis preparation is permanent, and must be sealed up or " ringed " 
after the manner descfibed at p. 88. 

10. Blood of Bird (H). — Blount a drop of fresh blood. 

(a.) Observe the red corpuscles, which are elliptical, biconvex, 
nucleated bodies, but smaller in size and more pointed than 
amphibian corpuscles (fig. 68). 

These corpuscles behave towards reagents as those of amphibians. 

11. Blood of Fish (H). — Mount a drop of fresh blood, which is 
readily obtained from a gold-fish or salmon, but the blood coagulates 
rapidly. 

(a.) Observe the red corpuscles, which are elliptical, biconvex, 
and nucleated, but the ends are not so pointed as in the bird, while, 

like the bird's corpuscles, 
they are smaller than 
those of amphibians (fig. 
68, F). The blood must 
be quite fresh. 

In both cases a few 
colourless corpuscles may 
be noticed. 

Fig. 68.— Red Blood-Corpuscles of Fish (F) and ( ,/ The White Cor- 

Bird (B), x 450. pusclcs 01 the Frog or 

Newt. 

12. White Corpuscles. — In a fresh preparation of blood (taking 
care to place a hair under the cover-glass) search for the colourless 
corpuscles, of which there are several varieties. They are much 
less numerous than the red. 

(a.) Observe that there is: (i.) The finely granular form, con- 
sisting of a nucleated mass of protoplasm larger than a red corpuscle 
(fig. 61, m). (ii.) The coarsely granular variety may be found. In 
it the granules are large and refractive, and often lying at one side 
of the corpuscles, (iii.) A third variety, much smaller than the 
others, may be found (tig. 6i, k). 
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(i.) In all the varieties, by careful observation, may be detected 
a nucleus, wbicb in aome is irregular or aiilxUvided. The surface of 
these corpuselea is sticky, aa can readily be shown by giving the 
cover a push with a needle, when the coloured eorpuaclea will bo 
seen to glide ovor each other, while some of tbe colourless ones will 
bo seen adhering to the glass ; and even if a coloured one impinges 
on them, they are rarely displuceJ hy tbe impact, so firmly do they 
lulhere to the glass. 

13. Amoeboid UoTements of the White Corpuscles. — Select 
one of the large finely granular corpuscles, and ut once make :i 
sketch of its outline ; 

make another sketch, 
and do this every few ' 
minutes. Thesketches 

will vary, becavae the Km. fig.-Sln)wlngH;p Atnn!l>nI,ni..VL-Bii.nt«nf 

corpuscle has slowly 

changed its shape, even at the ordinary temperature. A procesa of 
its protoplasm may bo extruded on one side, while a part of the 
" corpuscle may be drawn in at another. Tbe eorpuacle, therefore, 
exhibits spoutaaeoua irregiiiar and indrfinile movement*, constitut- 
ing what is known as ammhoid mmmitnU. It may even be seen to 
change its place, and thus exhibit limmiujtion. 

In the nxiriie/i/ gnmu/ar form, if one bo found, the ]irocesaea are 
Bot BO pointed, while the grauiiles may be seen to pass suddenly 




from one side of the eorpusule to the other. The granules seem to 
liu pawive, and their motioa iadue to movements of the protoplasm. 
TliHao movements may bo watcheit for a long time if the pre- 
(■iiration be sedled \ip either with melted paralfiii wax or witli oil. 
The former is to bo preferred. When sealed uj) in paraffin wax, the 
proiKiration may be kept without evaporation for several days. The 
margins of the covcr-gliiss — preferably a square one — are sealed down 
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with paraffin wax by heating a wire bent at right angles to melt 
the paraffin and applying it along the edges of the cover-glass. 

Ranvier uses a moist air-chamber (fig. 70). In tlie centre of the 
chamber is a small piece of glass, less in jieight by y^th of a milli- 
metre than the height of the walls of the cavity. The fluid con- 
taining the corpuscles is placed on this, covered with a cover-glass 
which is sealed down by means of paraffin wax. The object is thus 
protected from evaporation, while it has in relation to it a layer 
of air. 

14. Acetic Acid (i per cent.). — On irrigating a fresh preparation 
with dilute acetic a(;id, the protoplasm is made clear and transparent, 

and the complex nucleus — 
usually consisting of three 
parts, and hence called tri- 
partite — is distinctly re- 
vealed (fig. 71, a). If the 
acid act vigorously, it may 

Fig. 71.— a. Action of Acetic Acid on the Colourless ^® almost impossible to see 

Blood-Corpuscles of a I'rog. Action of Water the outline of the now clear 
on the Colourless Blood-Corpuscles of a Frog. . , 

6. Early, and c. Later Stages. protoplasm. 

15. Water.— On irrigat- 
ing a fresh preparation with water, the colourless corpuscles are 
killed, and they assume a globular form, the protoplasm becoming 
at first more granular (fig. 71, h\ and subsequently clear and trans- 
parent, thus distinctly revealing the i)resence of the nucleus. The 
granules may exhibit Brownian movements, while each cell has an 
outline round it as if a membrane had been formed round it. So 
that by the addition of water these corpuscles may be changed so as 
to resemble salivary corpuscles (Lesson IV.). 

16. Magenta. — This stains the nucleus deeply and the proto- 
plasm to a less degree. 

For Fibrin (Lesson III. 

Lymph. 

17. (a.) Pith a frog, and with a fine pipette withdraw a little 
lymph from the dorsal lymph sac, or, better still, curarise a pithed 
frog, and next day remove the lymph from its sub-lingual lymph 
sac. The lymph accumulates there in large amount. 

Lymph (H). 

(«.) Observe numerous leucocytes, mixed perhaps with a few red 
blood-corpuscles, exactly like the three varieties of leucocytes found 
in the blood. A coagulum of fibrin will ultimately be formed. 

(6.) The toad yields a very large quantity of lymph. Destroy 
its brain, wipe one leg dry, and cut off the projecting toe. At once 
large drops of lymph flow out, which soon coagulates {S, Mayer), 
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ADDITIONAL EXERCISES. 



18. Migration of Colourless Corpuscles (H). — Heat and draw out a glass 
tulie so as to form an exCfessivoly fine capillary tube. Pith a frog, expose its 
heart, make a cut into the latter, and as the blood flows suck up blood into the 
capillary tube. Seal the tube at both ends by holding it for a second or two 
in a gas- flame. 

Place the tube on a slide in a drop of glycerine or clove-oil, cover it and 
examine. 

(<*•) (L) Observe that the blood-clot shrinks, squeezes out serum from the 
clot, and b^'-and-by some of the colourless corpuscles migrate from or are 
squeezed out of the red clot into the serum, where they may be seen exhibiting 
amoeboid movements. This shows that the vitality of the white corpuscles is 
not abolished by the coagulation of the blood. 

19. Feeding White Corpuscles (H). — Get some blood from the heart of a 
frog into a capillary pipette, as describtd in i8. Allow the blood to clot and 
exude serum, which it does in about an hour. 

liub up a little Indian -ink in a few drops of normal saline in a watch-glass 
till a greyish fluid is obtained. Blow the contents of the capillary tube upon 
a clean slide, remove the clot ; the serum contains numerous colourless cor- 
l)uscles. Mix a little of the greyish Indian-ink fluid with the senim, put 
a liair under the cover-glass, and seal up the latter with melted ]>arafiin to 

1 prevent evaporation. After a time, observe that the minute i)articles of 
[ndian-ink are seen included in the protoplasm of these cells. The'cells throw- 
out processes which surround a particle, meet and coalesce, and thus the 
particles come to be included in the corpuscle (Schcifer). 

20. Movements and Division of White Corpuscles. — Ranvier^ seals up the 
preparation, on the slicle devised by him, this being done by paraffin wax. A 
water immersion lens is placed on the microscope, and then the microscope 
with the slWe is i)laced in a glass vessel filled with water at the required 
temperature. In this way the movements of the corpuscles, and, as I have 
myself seen, even the division of leu«^ocyte8, can be readily studied. 

21. Glycogen in White Corpuscles (H). — Irrigate-a pre])aration of frog's 
or newt's blood with i per cent, solution of iodine containing 2 grams of 
potassic iodide. The red corpuscles are stained yellow, the white ones are 
killed ; many of them are also stained yellow, but in some of them may be 
seen mahogany-coloured granules of stained glycogen. 

22. Elder Pith Preparation (H). — Into the dorsal sac of a pithed frog 
introduce a small piece of elder pith soaked in normal saline, and leave it 
there f«»r twenty-four hours. Withdraw it, make a thin section, and examine 
it in normal saline solution. 

(a.) Observe the large polygonal cells of the elder pith crowded with lymph 
corpuscles — several varieties — which have, in virtue of their amoeboid move- 
ments, "wandered" into and permeated the cellular pith. 

The elder pith may bo hardened in Flemming's fluid (j). 32), and after 
thoroughly washing it, sections are made and mounted in Farrant's solution. 

23. Derons FluiOB of Mammals. — A small mammal, e.g., mouse, rabbit, is 
killed by decapitation. Open its peritoneal cavity by means of a sharp red-hot 
knife, i.e., by a thenno-cautery. Tliis is to avoid any blood being shed into 
the cavity. By means of a fine ]>inette withdraw some of the "lymph" or 
" serosity." It will be found not to be clear like whey, but slightly opalescent. 

(a.) Corpuscles (H). — Some are like ordinaiy lymph corpuscles, many are 
ve»*y granular, and there are always red blood-corpuscles also present {Ilanvier).^ 

1 Comjftcs Jtemlus, vol. 110, ]). 686, 1890. 
a Ibid. vol. 110, p. 768, 1890. 

H 
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24. Dry Cover-Glass Preparatioii of Blood.— Place a drop of frog's blood 
oil a cover-glass, and to it apply another cover-glass. Press the two glasses 
together, and tlien slip them asunder. There will be a thin film of blood on 
both glasses. Allow the films to dry. 

In a watch-glass place a dilate watery solution of niethyl-green, and on this 
float the cover-glasses, with the blood -surface next the staining reagent, as in 
the method of staining bacteria. 

After ten minutes remove the cover-glass ; move it in water ; touch the 
edge of it on blotting-paper to remove the surplus gi-een fluid, and allow the 
green stain on the glass to dry. After it is dry, add a drop of xylol balsam 
and place the cover-glass on a slide. This forms a permanent preparation of 
blood-corpuscles, whose nuclei are stained green. 

The same process may be practised with other aniline dyes, or eosin may be 
combined with methyl-green, as the former stains the haemoglobin, and the 
latter the nucleus. A very good stain is eosin-hsematoxylin (p. 70). 

26. Bonble-Staining of Blood-Corpuscles {Methyl-green and Eosin). —Diffuse 
a thin layer of frog's blood on a cover-glass, allow it to dry, and ponr on 
the dry residue a i per cent, watery solution of methyl-green. Leave it on 
for ten minutes, and then wash off the surplus stain. Pour on a weak watery 
solution of eosin, and after five minutes wash it off" also by rinsing the slide 
gently in water ; dry, and add xylol balsam ; cover. 

Observe that some of the corpuscles have the nucleus green and the sur- 
rounding part coppery-red. Eosin is almost a specific reagent for detecting 
haemoglobin. 

Numerous combinations of this kind may be made, such as magenta and 
iodine-green, fuchsin and methylene-blue. 

26. A better plan is to place a drop of blood on a cover-glass, and to this 
apply another cover-glass, press the glasses together, and then separate them 
so that a thin film of blood adheres to each. Allow them to dry. After they 
are dry, place them for two hours in a mixture of equal parts of absolute 
alcohol and ether, which coagulates the proteids of the corpus61es. Float 
the cover-glasses blood-surface downwards upon a saturated solution of methy- 
lene-blue. After an hour or more, wash the cover-glasses in water, then in 
absolute alcohol, and clear them up with clove-oil in which a little eosin is 
dissolved. Bemove the clove-oil by immersing the cover-glasses in xylol, and 
mount in xylol balsam. A beautiful preparation is obtained. The nuclei are 
blue, and the protoplasm of the colourless corpuscles of pale-rose colour. 

27. The advanced student should also study the effect of Bnlpho-cyanide 
of potassium (5 per cent.), urea, ammonium chromate, pyrogallic acid, heat, 
carbolic acid (i to icxx) of normal saline), and other agents on the coloure*! 
corpuscles. Dilute alcohol reveals a nucleolus within the nucleus. This 
preparation may be subsequently stained with mafijenta. 

JSB. Urea. — A strong watery solution causes the corpuscles to assume 
irregular forms and to send out processes, which may separate from the 
corpuscle. Changes not unlike these are produced by neutral ammonium 
chromate, very bizarre forms being thus ] produced. 

29. Bile, e.g.y of mammsil or frog, dissolves human red blood -corpuscles. 

30. Zinc Sulphate (.25-5 per cent.) causes the hrenioglobin to separate 
from the stroma. One may see it inside the corpuscle, or on the surface as 
small buds. 

31. Pseudo-Membrane of the Corpuscles. — Irricrate a preparation with 
dilute alcohol. This decolorises the corpu.scles. Then stain with magenta 
or Spiller's purple. The nucleus and so-called meinbrane of the corpuscles are 
thereby stained. 

82. Preservation of Blood-Corpuscles by Hayem^s Fluid (p. 122).— This is 
an excellent method. The corpuscles retain their form, and can be subsequently 
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ftlniued, e.g.f by picro-carmihe^ and k6ep well when mounted in gljceri&c 
jelly. 

33. Leucocytes of Crayfish Blood or HsBmolyinph. —The colourless blood of 
the crayfish does very well for the study of colourless corpuscles. Make a slit 
ill the ventral surface of the abdomen between the rin<?s and the blood flows 
freely. Keceive it in normal saline solution. It clots quickly. Mount some on 
a slide, and if it be desired to fix the cor[>uscles, allow a jet of steam to ]>lay on 
the cover-glass for a few seconds. If the fluid contain too much blood there is 
so much coagulable proteid, that on its coagulation by the steam a white film 
obscnring the leucocytes is formed. The corpuscles can be subsequently stained 
with picro-carmine and mounted in glycerine. The blood contnins two forms 
of corpuscles — one with well-marked amoeboid movements and provided with a 
large spherical nucleus ; the other filled with highly refractile granules, which 
stain red with picro-carmine. 

The best method is to allow a drop of blood to fall into a large drop of I 
por cent, osmic acid previously placed on a slide. This at once kills and 
" fixes " the corpuscles, which can then be stained with picro-carmine, or i per 
cent, watery solution of eojsin. The latter stains their protoj)lasn>a and its 
expansions a rose-pink. 



LESSON III. 

HUMAN BLOOD— CRYSTALS PROM BLOOD- 
BLOOD PLATELETS. 

Wrap a twisted handkerchief round the ring-finger of the left hand, 
and hegin at the base of the finger, gradually constricting the 
finger from the base towards the naiL The end phalanx will there- 
by become greatly congested. With a sharp clean sewing-needle 
prick the skin at the root of the nail ; a drop of blood will exude, 
to which rapidly apply a slide ; cover the drop of blood on the slide 
with a cover-glass, and examine it as quickly as possible. 

Observe various kinds of corpuscles floating in a fluid, the 
blood-plasma or liquor sanguinis. ^NTote the red and white cor- 
puscles, the former being far more numerous. Blood platelets are 
also present ; but it requires special precautions in order to preserve 
them. 

1. Hiunan Coloured Blood-Corpuscles (H). — (a.) Observe the 
field of the microscope crowded with the red or coloured disc-shaped 
corpuscles much smaller than those of the newt ; they are only 
j^^y^h of an inch or 7.7 ft (7.2 /1-7.8 fi) in breadth (p. 21), and 
j-TrJ^nr ^^ ^^ ^1^^^ or 2 /A in thickness. The observer may notice 
that when the corpuscles cease to move, after a time corpuscles may 
be seen adhering to each other Ijy their flat surfaces, until a chain 
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of these bodies resembling a pile of coins is produced (fig. 72). 
This is the so-called formation of rouleaux (fig. 72, c). In order to 

obtain rmileavjc a fairly 
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Fio. 72.— Iluman Red and Wlnte lUcxxl-Corpusclea. 
a. Red CDnmscle seen on the fl.it ; 6. In profile; 
r. Armilenu; d. Three-<iuarterf:ice; e,f. Crenated 
corpuscles ; g. Spherical ; in. Slightly crenated ; 
L. Large wliite corpuscle ; /. Small white cor- 
puscle; p. Granular leucocyte; n. Free granula- 
tions, X looo. 



large drop of blood must 
be taken. These chains by- 
and-l^y increase in number 
and intersect each other, so 
as to produce a network-like 
appearance in the field. In 
the rouleaux all the cor-^ 
puscles are seen edgeways 

{!).) Move the preparation 
until a part of it is found 
where the red corpuscles 
are to be seen not in 
rouleaux, but isolated and 
lying on the flat. 

Study a Single Bed Cor- 
puscle. — Observe its shapf' ; when seen on the flat it is circular in 
outline, and on bringing its edge sharply into focus, a darker area 

is seen in its centre (fig. 74, a). If the fine 
adjustment be used, so as to bring the lens 
nearer the corpuscle, the dark centre is replaced 
by a lighter area, while the rim becomes darker 
(fig. 74, h), 

Sketch the two appearances. 
J. ^^ _ fim^l ^^^^^ is due to the fact that these bodies 
x^ ^ B ^ M are hi-concave circular discs. The dark area 
^ vSaf in the centre is not due to the presence of a 

nucleus, as they are non-nucleated. 

This is confirmed by examining a corpuscle 
seen on edge, when it appears somewhat dumb- 
bell shaped (figs. 72, ft, 73, 2). 
Ill size they are much smaller than those of Amphibia, being only 
th of an inch (7.7 /x) in their greatest diameter. Their border 
is smooth, roiiiided, and regular, their colour is 
^ ^ pale straw-yc^.llow, their surfaces are smooth, and 

O/Sj^ they are homogeneous throughout. As to trans- 
V^y parfiu-fj, the outHne of one corpuscle can be seen 
Fio. 74.— Red Cor- through one overlai)ping it. They are soft and 
SaT^^o^Onrais^ flexible, SO that if they impinge on other objects 
ing, and 6. On they may change their form, which they rapidly 
JectWe, X 1000. regain, so that they are elastic. 

{c.) Pleasure the actual size of several corpusclco 
by the method described at p. 20. It will be found that all tho 




Fio. 73.— Red Blood-Cor- 
puscles. Human ; i. 
Seen on their surface ; 
2. Seen edgeways ; 3. 
United into a roxdeau. 
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corpuscles are not of absolutely the same size. This variation in 
size becomes more marked in some diseases. 

2. Colourless Corpuscles. — With a little care in observing, 
especially when the red corpuscles are in rouleaux, here and there in 
the field a few colourless corpuscles will be found. They remain 
isolated and do not form groups. They are few in number, only 
three to ten being found in one field. The proportion is about 3 to 
10 per 1000 of red. They are usually spherical, and although they 
exhibit amoeboid movements at 40° C, at the ordinary temperature 
they do not do so, and appear as nucleated finely granular masses of 
protoplasm. They rapidly alter after they are shed. Some of them 
are larger {^jj^ inch or 10 /a in diameter), others smaller than the 
red corpuscles (fig. 72, L, Z). 

Move the cover-glass so as to cause a current in the preparation. 
Note that the colourless corpuscles adhere to the glass, — they are 
sticky and adhesive, — while the coloured ones being smooth, and 
polished, glide over each other, and frequently impinge on the 
colourless ones without displacing the latter. 

3. Blood-Plates (see p. 123). 

4. Acetic Acid, Tannic Acid (fig. 66, a, h), Water, Syrup, and 
Magenta act in great part in the same manner on the coloured and 
colourless corpuscles of man and mammalia as on the cori)Uscles of 
Amphibia. The diflerences are due to structural differences in the 
corpuscles. 

Thus in the coloured mammalian corpuscles acetic acid de- 
colorises them and renders them spherical (but of course no nucleus 
is revealed), leaving a hull or stroma, almost invisible in the field. 
Syrup shrivels them, magenta reveals no nucleus, but on the side 
of some of the corpuscles a little spot may be observed. Bile makes 
them pale, and finally dissolves them. Water decolorises the red 
corpuscles, and makes the blood "laky. " 

5. Amoeboid Movements of White Blood-Corpuscles. — In order 
to study these movements in the white blood-corpuscles of man and 
warm-blooded animals generally, the temperature of the blood must 
be near the temperature of the body. To keep the preparation 
warm, some form of warm or hot stage is necessary. 

For the purposes of the student the following simple contrivance 
is sufficient. Take an oblong copper plate, 76 mm. long, 25 mm. 
broad, and 1.5 mm. thick, with a rod 100 mm. long projecting from 
one side of it, as shown in fig. 75. In the centre of the oblong 
plate of copper is a hole 15 nun. in diameter. Fix the oblong plate 
to an ordinary glass slide by means of sealing-wax. 

Make a preparation of blood. Take a cover-glass i inch square, 
and on it place a drop of normal saline solution, and to the latter 
add a droj) of blood. Mix them. Apply a |-iiich cover-glass, so aa 
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to have a layer of diluted blood in a thin film between the two 

covor-glaases, and exactly filling the apace between them. Any 

Butplus fluid at the edge of the cover- 

T glasses must be removed by blotting-paper. 
With a camel's-hair pencil then run a layer 
of oil rouad the edge of the smaller cover- 
glass, or the preparation may be sealed up 
with melted paraffin wax. This will pre- 
vent evaporation. The larger cover-glasa 
acts the part of a slide. 
Fix tlie warm stage on the stage of the 
microscope by means of the clips on the 
microscope, and over the aperture in the 
warm stage place the cover-glasses. Focus 
the corpuscle between the two cover- 
glasses, and notice that the colourless 



be applied until the v 



Heat the projecting rod by means of a 
siiirit-lamp. The heat travels along the 
copper, and finally warms the cover-glasses 
and the layer of blood between them. It 
must, however, not be overheated. In 
order to prevent overheating, make pre- 
i loualy a mixture of cacjo-butter and 
white wax, whith melts at 38° C, and 
place a fragment of this on the copper 
st'jm near the copper piite Heat should 
i. juit begins to melt 



Observe the colourless corpuscles when heitcd beginning to 




exhibit amceboid movement. Sketch a corpuscle, and ii 
minntcs moke another sketch and compare the two. 



III.] 



HUMAN BLOOD. 



119 




In the more Bxpensive forms of warm stages, as those of M. 
SchulUe and others, warm, water at a known tj;iii]ifiniturij is (lasfR-d 
through a brass box which reste on t}ie sbige of the micruacope, and 
the exact temperature is determined by means of a delicate thermo- 
meter. Fig. 76 shows a convenient form of hot stage, which can be 
clamped to the stage of any microscope. It is heated by means of 
warm water which passes in at B, and, after traversing a system of 
tubes, out at B'. It is provided with a thermometer. 

6. Crenation of Coloured CorpuBcIes (H).— Mix a drop of 
Imman blood with a 2 per cent, solution of common salt. Note 
the change of colour, (a.) Observe that 
some corpuscles shrink in part, and become 
crenate or beset with short spines (fig. 77). 
This is due to exosmosis of fluid from the 
corpuscles. The colour hecomea slightly 
deeper than in normal corpuacles. All the ' 
corpuscles are not affected simultaneously 
or to the same extent 

In some individuals, merely exposing the 
blood to the air for a fevf minutes before 
applying a cover-glasa sufRcea to produce ^^"d'&wi""1^uad"^""^!' 
tliK condition (fig. 72, e, /) ; but in any 

specimen of blood it may be readily produced in the majority of 
red corjiuscles by acting on them with a saline solution of a]q)ro- 
priate concentration. 

It has been observed that in the blood of a mammal poisoned by 
Calabar- bean the blood-corpuscles arc erenated. 

7. Dilate Albaliee. — Use a 0.2 per cent, solution of caustic 
jiotiish (i.e., 2 gRims in 1000 cc. of normal saline). It dissolves 
both the red and white corpuscles. 

B. Fibrin (H).— Make a preparation of human blood, using a 
hm« dro]). Cover it and put it aside for half-an-hour or longer 
until the hlood coagulates. 

(a.) Observe carefully, and in the meshea between the rouUavx 
fine threads forming a delicate network will be seen. They are 
fibrils of fibrin. 

(b.) A better method, however, is to mix on a slide a drop of 
blood with a drop of normal saline aolution. Cover and put it 
aside for an hour or so to clot, and then irrigate with water or dilute 
alcohol (p. 25), which rapidly decolorises and washes away the red 
corpuscles, and thus bringa into view a fine fihrillat network of fibrin 
in the field. Irrigate with a watery solution of Spiller's purple ( i 
per cent.), which stains the network of fibrin a purplish tinge (fig. 
78). Raise the cover-glass, and to it will be found adhering a thin 
film of fibrin. Dry the film, apply a drop of balsam, and mount the 
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specimen as a permanent preparation. Numerous purple stained 
threads of fibrin are seen stretching from colourless corpuscles, the 
latter having their nuclei stained purple. 

Crystals from Blood. — The haemoglobin of certain animals 
crystallises very readily, e.g.^ rat, guinea-pig. 

9. HsBmoglobin Crystals of Eat*s Blood (H). — Place a drop of 
defibrinated rat's blood on a slide, add two drops of water, and mix. 
Apply a cover-glass. After a few minutes, near the edge of the 
cover-glass oblique rhombic crystals of haemoglobin will be found. 
At first they are small, but they gradually become larger. They 
may be single, or arranged in rosettes, or crossing each other 

(fig- 79)- 

10. Crystals from Guinea-Pig's Blood (H).— To a drop of the 




Fig. 78.— Fibrils of Fibrin 
of Coagulated Blood. 
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Fig. 80.— Hsemo- 
globiii Crystals 
from Bl(»od of 
Guinea-Pig. 



Fig. 79.— Haimoglobin Crystals from 
Rat's Blood, x 300. 



defibrinated blood add a drop of Canada balsam or clove-oil, mix, 
and apply a cover-glass. It is perhaps better to place the balsam 
or clove-oil on the slide first, then to place the drop of blood on 
the top of the oil or balsam, and then to mix them ; very soon 
(about 10 minutes) large red tetrahedral crystals are formed. 
These crystals cannot be preserved for any length of time (fig. 80). 

Sometimes very good crystals of haemoglobin from human blood 
are obtained from leeches which have sucked blood some weeks 
previously. 

11. Hsemin Crystals (H). — Place a few particles of dried blood 
on a slide, add a small crystal of common salt, and two drops of 
glacial acetic acid. Cover. Heat over the flame of a spirit-lamp 
until bubbles of gas are given off, t.e., until it boils. Allow it to 
cool. Or mix fresh blood on a slide with a minute quantity of 2 per 
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cent, salt solution. Heat tlie mixture until it becomes brownish in 
tint, add glafiial acetic acid and beat. On cooling, crystals of hseniin 
are obtained. Should there be any cubes of common salt present 
irr^tc with water, which soon removes the latter. Haemin crystals 
are insoluble in water. 

(a.) Observe the small brownish or black rhombic crystals, either 
singly or in rosett«s, scattered over the field or on the surface of 
the larger masses of Wood (fin. 8i). 




(6.) To preserve them, remove the acid, raise the cover-glass, 
dry the preparation, and mount them in balsam. 

12. Enumeration of the Blood CorpuBClee.— See the author's 
Outlines of Practical Physiology, tesson VI., p. 42. 

13. Leiikteniic Blood (H). — If a small quantity can be obtained 
from a patient in tlic hospital, examine it. 

(1.) Observe the great excess of colourless corpusclca Accord- 
ing to the variety of the leukiemia, they may bo larger or smaller 
in size than. most of the coloured corpuscles (fig. 82). 



AI>DIT10NAL EXERCISKS. 

14. Human Blood and Aniline Dyes (Hj. — M.ike a oovpr-gliii4s prepnration 
<.r human blood (Losson !L 24). Elirlich henb^d (lie cover-glass in an nir- 
uvon to a tempcratHrB of 120° for eeviTal houra to eoagulnte tlie protsicis. To 
nroid tliia, place the covers for two lioiiva in tbe ulcoliol and ether mixlure 
(Lesson II. 26), and then stain them in methylene -blue as directni for froR's 
blood- corpuscles, or stain in i per rent. Spillcr's pniplo or a weak alcoholic 
solution of roaein. After washing and diTing, mount them in xylol balsam. 

In the melhylene-blue prei>ar.ition the coloured corpuscles are unstained, 
but soniH of tho colourless one? have their nuclei stnincd blue, while the 
Hurronndiiig protoplasm is analfected ; in other colourless corpuscles the 
granules in the protoplasm are etnined. These corpuscles correspond lo 
Ehrliuh'a basophils corpuscles. In the other preparations both the coloured 
aud colourless corpuscles are atained. 



122 PRACTICAL HISTOLOGY. [til. 

15. Varieties of Leucocytes in Blood. — According to Ehilich, the following 
varieties of colourless coii)Uscles are present in the blood. (Also Lesson 
XXXVIIL) 

(rt.) Small lymphocytes. They are slightly smalliT thaii the red corpuscles, 
and possess a large spherical readily-stained nucleus, which almost tills the 
cell, being surrounded only by a small quantity of protoplasm. 

(6.) Large lymphocytes are said to represent an advanced stage of (a). They 
are twice as large as (a), have a large nucleus surrounded by a well-defined zone 
of protoplasm, (a) and (6) together make up 25 i)er cent, of the leucocytes 
in blood. 

(c.) MononiLclear elements^ or transition forms, are distinguished from the 
large lym})hocytes by their nucleus not being quite spherical, and having a 
depr&ssion in the middle. 

{d.) Polynuclear leiicocytes, which are smaller than (c), but larger than 
ri?d blood -corpuscles. They contain a nucleus composed of several lobes, or 
several nuclei which stain readily and deeply. They represent 70 i>er cent, of 
all the leucocytes of the blood, and can migrate from the vessels. 

(e.) Eosinophilous cells. The nucleus stains less deeply than {d). The 
granules which are present in the protoplasm stain deeply with eosin, i.e., 
become intensely red. They occur but sparsely in normal blood. 

16. Staining of Leucocytes {Ehrlich). 

(1.) Make a cover-glass preparation of blood and dry it for several hours 

at 120"* C. 
(2.) Stain it for several hours in Ehrlich 's acid-hsematoxylin, eositi 

solution, or in a strong glycerine solution of eosin. 
(3.) "Wash in water, — dry and mount in xylol-balsam. 

Tlie nuclei of the white blood-corpuscles, as well as the lymphocytes and 
polynuclear forms, are deeply coloured ; the nuclei of the mononuclear forms 
areblnish-gray, the red corpuscles copper-red, and the eosinophile granuh*s 
n*d [Kahlden). 

17. Eosinophilous Cells. — If it be desired to stain only these cells, stain a 
cover-glass preparation with a strong glycerine solution of eosin. The results 
of Ehrlich and his pupils, will be found in his pamphlet.^ 

18. Action of Hayem's Fluid. — This is an extremely useful fluid for pre- 
serving and fixing the blood-corpuscles, and can be employed both for the 
blood of animals and of man. It consists of 

Sodic chloride I grni. 

Sodic sulphate .... 5 grms. 

Corrosive sublimate .... 0.5 grm. 
Distilled water .... 200 cc. 

The blood is run direct from a blood-vessel into this fluid in the i)roportion 
of I of blood to 100 of the fluid. It takes several hours to harden antl fix the 
corpuscles, but twenty- four hours is not too long. By-and-by the corpuscles 
subside, and the supernatant fluid can then be decanted, and the deposit cf 
blood-corpuscles well washed with water to get rid of the salts of the mixture. 
These corpuscles can then be stained with various reagents, or eosin may be 
added to the fluid. 

(«.) Make an experiment with frog's blood, and stain the corpuscles for a 
day or so with borax-carmine and mount the stained corpuscles in glycerine or 
glycerine-jelly. 

(6.) Stain another specimen with very dilute eosin-htematoxylin (p. 70). 
The haemoglobin is stained by the eosin, and the nuclei by the hajniatoxylin. 
It is preserved as (a). Other combinations of dyes will suggest themselves, 
(c.) Make similar preparations of mammalian blood. 

^ Farbenanaly, Unters. z. Histologic utid Klinik d. BliUes, Berlin, 1891. 
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Fio. 83.- 1, 2. Coloured corpuscles 
with 3. Blood-plutes ; 4. Lymph 
corpuscle surrounded by blood- 
plates. 



19. Blood-Plates or Flateleta (H). — Wrap a liandkerchief round a finger to 
obtain some blood (Lesson III., p. 115). On the skin at the root of the nail 
]dace a drop of normal saline containing methyl-violet (.75 gram in 1000 cc). 
Through this drop prick the finger, and blood runs into it. Place a little of the 
mixed blood and methyl-violet solution on a slide ; cover at once and examine. 

It requires a good microscope and careful observation to see the platelets. 
Tljo red corpuscles are unstained while the colourless corjmscles are stained. In 
the field are to be seen small oval, refractive, very delicate, non-nucleated 
bodies, much smaller than the red corpuscles 
— these are the blood-plates (fig. 83, 3). They 
are about 2.5 /t in diameter. They undergo 
changes exceedingly rapidly in shed blood. 

Instead of methyl-violet solution, the skin 
may be pricked through a drop of the follow- ® 

ing mixture: — i part of i per cent, osmic ^ 
acid, and 2 parts .75 per cent, sodio chloride. 2 ^ 

By far the best method of obtaining blood- 
platelets in large quantity, and in a condition * 
in which they do not disappear, is to allow 
blood to flow into a solution of oxalate of 
potash until the mixture contains at least 
I per 1000 of the salt. This prevents coagula- 
tion of the blood. On placing such blood in a 
centrifuge, when the corpuscles subside a film of grayish material accumulates 
on their surface, which consists chiefly of blood-plates. A drop of this spread 
on a slide, dried, and stained with a watery solution of methyl-violet 5 n and 
mounted in balsam, yields permanent preparations of these bodies (Moser). 

20. Blood-Platelets— Dry Method (H).— Clean a slide thoroughly ; sterilise 
it in the flame of a Bunsen -burner, and allow it to cool. Obtain a drop of 
blood from the finger in the usual way ; get a drop on the slide, and with the 
edge of another slide rapidly spread the drop of blood as a thin film on the 
sterilised slide. Move the slide to and fro in the air until the film of blood 
dries. The whole process should not occupy more than four seconds. Cover 
the dry film with a cover-glass and seal the latter at the corners with paraffin. 

{a.) Observe the coloured blood-corpuscles, which for the most part retain 
their shape, and l)etween them the blood -]>latelets or, as Hayem calls them, 
the hffimatoblasts. They are readily seen thus in human blood. The white 
corpuscles are somewhat altered in shape. 

21. Weigert's Method of Staining Fibrin. — Embed a thrombus or a piece 
of lung aflected with acute croupous pneumonia in celloidin, and make a 
section. Float the section from water on to a slide. Stain it for ten minutes 
or so with a drop of the following fluid : — 

Gentian violet (5 per cent. ) . . 44 cc. 

Aniline oil i ,, 

Alcohol (96 per cent. ) . . . 6 , , 

Remove the stain by pressing on the section two or three plies of blotting- 
paper, or, better, unsized printing-paper. Add a drop of iodine in iodide of 
potassium (iodide of potassium 5 per cent, and saturated with iodine). This 
quickly decolorises most of the stained parts. Remove the iodine with blot- 
ting-paper in the same way as before. 

Pour on the section a mixture of equal volumes of xylol and aniline oil, 
moving the mixture over the preparation. Remove this and apply a fresh 
supply of the xylol-aniline oil mixture. This removes all the water. As 
long as there is a trace of whiteness in the section it still contains water. 
After all the water is removed, dry the preparation with paper as before, to 
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remove as much aniline oil as possible. Wash the preparation several times 
with xylol to remove the last traces of the aniline oil and mount in xylol- 
balsam. 
The stages are as follows : — 

1. Harden in alcohol. 

2. Stain 5-15 minutes in concentrated aniline water solution of gentian 

violet. 

3. Dry with blottiiig-papfr. 

4. Apply iodine solution (2-3 mins.). 

5. Dry with blotting-paper. 

6. Decolorise and wash in aniline-xylol. 

7. Remove the latter and mount in xylol -balsam. 

(a. ) Observe the threads of fibrin — very fine and numerous — stained a beau- 
tiful violet. 

22. Solvent Action of Serum. —Place some blood of a rabbit or guinea-pig 
in a drop of blood serum of a dog. The red coi*pu8cles are completely dis- 
solved in a few minutes. Tlie blood-corpuscles of a pigeon or frog are similarly 
but more slowly dissolved, except the nuclei. This pro]>erty of dog's senim is 
set aside by previously heating the serum to 5o''-6o'' C. for about half-an-hour. 



LESSON IV. 
EPITHELIUM (STRATIFIED) AND ENDOTHELIUM. 

Epithelium presents the following general characters : — 

1. It is always disposed on surfaces. 

2. The cells are united by cement. 

3. There are no blood-vessels within the cells. 

Varieties of Epithelium. 

1. Squamous. 

2. Columnar. 

3. Secretory. 

4. Transitional. 

5. Ciliated. 

Squamous Epithelium may occur either in a single layer, or in 
several layers; in the former case it is sometimes called endothelium, 
in the latter it is said to be stratified. 

(A) In a single layer it lines serous and synovial membranes, 
heart, blood- and lymph-vessels, air-cells of lung, pigmentary layer 
of retina, posterior surface of cornea, anterior surface of irij, 
membranes of brain and spinal cord, surfaces of tendons and tendon 
sheaths, kc 
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As endothelium^ it consist^^ of a single layer of flattened squamous 
transparent cells united to each other at their edges by means of a 
cement substance. 

(B.) As stratified squamous epithelium, it covers the skin (epi- 
dermis), and lines the following cavities and surfaces : — mouth, 
pharynx (lower half), oesophagus, conjunctiva, over anterior surface 
of cornea, vagin£^ and lower half of cervix uteri, and entrance of 
urethra. 

I. Isolated Squamous or Scaly Epithelium Cells. — With the 
finger-nail or a small section-lifter gently scrape the inner surface of 
the lip, place the scrapings on a slide, add a drop of saliva, 
skimming off any air-bubbles with a needle, cover, and examine. 

1. Squames (H). — (a.) Observe large flat plates or squames 
floating in the field, either singly or in groups ; the cells of the latter 
may be imited by their edges, or by their edges and surfaces. 
Select a single squame seen on the flat. Note its large dze, being 
five to ten times broader than a red blood-corpuscle ; its polygonal 
shape ; the colourless, transparent, and, it may be, slightly granular 
body of the cell, and the small oval excentrically-placed nucleus. 

(h,) On some of the cells fine lines may be seen, some of them 
due to folds, but most of them to facets, indicating that the cell 
has been overlapped and slightly indented 
by its neighbour. Select a group of cells 
where the cells can be seen adhering to each 
other by their edges and surfaces, as the 
squames occur in several layers. It is well 
also to look for a cell seen edgeways, to 
observe that it is really a flat plate (fig. 84). 

(c.) Not unfrequently fungi, such as 
bacteria, may be seen adhering to the 
squames. 

{(i.) Salivary Corpuscles may be seen. 
They are sharply-defined spherical cells, pro- 
vided with a membrane, and about the size 
of a colourless blood-corpuscle. They contain 
fine granules, which in the fresh condition 
-of the corpuscles may be seen to exhibit 

Brownian movement (Lesson I. 6). Each cell may contain one 
small, spherical, excentrically-placed nucleus, or sometimes two 
nuclei may be present. They seem to be leucocytes distended with 
fluid. 

2. Magenta. — Irrigate the preparation with a watery solution of 
magenta (p. 74), which stains deeply the nuclei of the squames and 
salivary corpuscles, while the peri-nuclear parts of these cells are 
less deeply stained. As the magenta contains alcohol, the latter 









Fig. 84.— Cells of Stratified 
Squamous Epithelium de- 
taclied from the Mouth. 
8. Salivary corpuscles. 
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precipitat«H the mocm of tlie ealiva either in the form of fine thremls 
or ill menibrauvs, nlii<;li are stained red by the mageDta. 

3. EpidennisofNewt— Superficial Layers of Stnttified Epithe- 
lium (L and H).— Keep a newt or frog for a day or two in a amaU 
quantity of water, and do not change the water. Very soon the super- 
ficial layers of squatnes will be "caafaa thin membranes, Trtke 
these, and harden them in absolute alcohol Stain a thin piece in 
hieniatoxylin, and mount it in balsam, 

(a.) Try to get a layer sufficiently thin, so that the ceils are only 
one layer thick. Note the polygonal, large, nucleate*! cells united to 
each other by their edgea by means 
of a clear cement substance (fig. 85). 
(6.) The nucleus is usually ex- 
centrie, and surrounded by slightly 
granular material. In the nucleus 
are usually two or three nucleoli, 
and sometimes an intra-nuclcar 
plexus of fibrils is visible, especially 
in the cells of the deeper layers. 
Sometimes granules of the pigment 
melanin are seen in the cells, especi- 
ally from a dark- pigmented newt. 
4. 7.S. of Stratffled Epithelium. 
'^'^ou^iTromlK'idXi'ioi^Ne'^' —This may be conveniently ex- 
Aicohni and iiematoiyiin, x 300. aniined either in a vertical section 
of the skin of the palm of the 
hand, or a similar section of the mucous membrane covering the 
hard palate of a cat or the conjunctiva on the cornea. The skin 
must have been previously prepared by being hardened in absolute 
alcohol or chromic acid and spirit mixture {p. 29), while the mucous 
membrane may be hardened in the chromic acid and spirit or 
Miiller'a fluid. 

If the mucoTia membrane of the hard palate be taken, stain it 
with picro-carmine and mount in Farrant's solution. Or the mucous 
membrane may be stained in bulk in borax carmine, embedded and 
cut in paraffin. In the latter case the sections are best mounted in 
balsam. 

(a.) Examine tt first with (L). Observe the epithelium arranged 
in many layers, covering a connective-tissue basis — the latter 
stained red — and prujecting in the form of line papillae into the 
epithelial layer (fig. 86}. Neglect the connective-tissue basis 
meantime. 

(6.) (h) Select a thin part of the deeper layers of the epithelium 
near the papillte, and note that the cells thirc arc somewhat small 
and cylindrical, witli their nuclei stained red. Study the change 
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in the form of the cells towards the free surface of the epidermis 
(tig. 86), where they hecome corneoue and less granular. 

(c.) Note in the deeper layera of the epithelium prickle-cells. 
Adjacent cells are connected by very fine processes or " iutercellulsr 
bridges." The lino spaces between the brid^a 
are called " intercelliilar channels." When 
these are broken across and the'ceils isolated, the 
cells present the appearance of being beset by 
very fine processes, and hetice tliey are called 
" prickle-cells." 

(d.) The cells vary in their shape and characters 
from below upwards. It will be easy to detect 
tlie horni/ layer above, composed of many layers 
of flattened, liardened cells. This forms a fairly 
well-marked layer, the cells being clearer than 
those situated more deeply ; the nuclei are less 
conspicuous, and the cells generally stain yellowish 
with picro-carniine. 

5. Non-Comeo«B Stratified Epitlielinm from noTM.-v.8. mu«oii» 
the (EsophaguB (H). — Macerate the mucous "="""?« •" HbU 
membrane of the (esophagus of a cau or other dermii with mr- 
animal for a week in -^ per cent, bichromate of w™ "th prickle 
potash. This "dissociates" the epithelial cells, cein. Below, cun- 
8o that when the surface is scraped, one obtains Ihe^'mucoMTneni' 
isolated cells. Make a cover-glass preparation jiranewithapapiiin 
{p. 114), and stain it in aniline- water-gentian- ipirit, picru - car- 
violet, i.e, gentian-violet solution dropped into JJjuoin. "*'' 
aniline water (p. 73). Dry and mount in balsam. 

(rt.) Observe the isolated squamous cells, each with a small ex- 
centrically-plaeed nncleus stained of a violet tint. Numerous facets 
are seen in the cells, and their shape both on the flat and on edge 
can be carefully studied. 

{b.) If desired, stain some in picro^armine. This is best done by 
keeping them in the picro-carraine on a slide placed under a bell-Jiir, 
with water to prevent evaporation, i.e., in a moist chanibcr, 

6. Horny Epidenms.— Macerate a shred of epidermis in 35 ])cr 
cent, caustic potash. After a time it is softened and can bo broken 
up with needles. The cells fall asunder and swell up in the fluid, 
and appear as spheroidal cells with a membrane, but no nucleus is 
visible. Examine them in the potash solution. No water must be 
added, else the cells are dissolved. 

7. Prickle Cells (H). — Place for twenty-four hours in i per 
cent, osniic acid a small piece of the palmar surface of the skin 
— less than one-eighth of an inch cube — from a freshly-amputateii 
linger. Make vertical sections by freezing, or after emlwdding in 
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paraffin, .anil nioniit tlin foriiicr in Furraiifa solution and the latter 

('(.) Observe the iiritklc-celis in ntlii, i.e., polygonal cells in the 
deeper layers of the rete miicoaum, with fine processes eonnectii^ 
adjoining cells, leaving thus a system of fine spaces between the cells 
(fig. 87). The fine fibres which pass from cell to cell form "inter- 
cellalar bridges," and when these bridges are broken across they 
give the ap|ieaniiice as if the cells were beset with fine prickles. 

8. Isolated Cells fVom the Different Layers of the Epidermis 
(H). — It is usual to macerate very small pieces of any membr.ine 
covered with stratified epithelium in J or j^ per cent, of potassic 
bichromate, which usually takes more than a week to dissociate the 
colls 





, — Prlclilc.Ctlls Ironi the 
Deeper Lrivers o( the Epl- 

• ■ -ceJimnr bridtei nnrt 
nelg. Ounlc acid. 



A much speedier niethiji.i is that of Schictfcrdecker. Alake a 
watery extract of " pancrcaticuni siccum " of l>t. Witte of Eostock. 
Filter, and in the filtrate place a small fragment of fresh skin or 
the pad from the upper jaw of a sheep. Place the fluid near the 
fire or in an oven at 40° C. Within foiu" hours, the epidermis can 
be detached, and its cells fall readily apart. Preserve it in a test- 
tube in a mixture of equal parts of water, alcohol, and glycerine. 
It forms a deposit at the bottom of the tube. A little of tlio deposit 
is mounted in glycerine or Farrant's solution, covered and examined. 
It may be stained with plcro-carmino or methylcne-blue. 

(a.) Observe numerous cslis of diffa.-ent sha]>es, some flattened, 
others eubtcal, and many "prickle-cells" (fig. 88). Many of the 
cells exhibit fiicets where they have been pressed against each 
other. 

9. Isolated Prickles and other Cells from the Pad of a Sheep's 
Houth (H). — Isolated by means of " pancreaticum siccum" (0. 
mpra). Many of the aomewlmt cubical-shaped cells show the 
" prickles " beautifully. These cells may be stained with an aniline 
dyo or picro-carmino, and some of them show two nucleL 
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10. Endothelium of Central Tencbn of Diaphragm. — Mount 
in balsQin a small pieee of tlie central teinloii uf the diapliragm of 
a lubbit stained in silver nitrate (JletJioJ, 
P- 77). 

(rt.) Observe the [jolygonal ureas which 
map out the outlines of the single layer of 
squamea covering the surface of the tendon 
These areas are hounded by brown or hlack 
lines, the so-called "silver liaes" (fig. 89). 
As a rule, no nucleus is visihle in the cells, 
but it may be brought into view by staining 
with logwood and mounting the prepiration 
in Canada balsam. 

(b.) Amongst these may ho seen small 
groups or islands of smaller granular cells. 
in some specimens stomata surrounded by 
granular or germinal cells may be seen, gia, sj.- 
These stomata open into a plexus of lyni- c"itrni"'Te~Ton~ 
phatic capillaries iu the substance of' the Piuphrajtm n( ■ Bul.hVl 
tendon (Lesson on Lymphatics). smTTB«{ion^''toJ°. 

11. Omentum of Young Babbit (L and aar^ eniioHwibu' cs'iia ; n. 
H).— Mount ifi balsam a smaU pieiie of the l«l«i"l» "' ""^ ™"». 
silvered omentum of a young rabbit (one week old) (Method, ]). 77). 

(a.) Observe a thin filirous membrane mapped into jiolygonal 
areas — some of them 
with mo 
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means of hlack ' 
lines " (fig. 90). 

The omental 
brane composed of 
connective tissue is 
covered on both sur- 
faces with a continu- 
ous layer of endo- 
thelium. 

(h.) Raise the lens 
by means of the fine 
adjustment until the 
tipper layer of sijuames 
comes distinctly into 
view; then depress the f';'. """7 "aLir^i "iZ" ^' 

, J I .1 1 inaionteil. Homn nulet arm 

lens and lowis through 

the tliicknesB of the membrane to bring into 

squomes covering tlie dee]>er surface, mid note that th 



the layer of 
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tliu cells do not correspond wUIi those of the upper layer. In 
focussing through the membrane, note the plexus of elastic fibres 
in it. 

(c.) To see the nuclei of the endothelial cells, stain another piece 
of the silvered omentum in lo^'wood and mount it i[i balsam. 

The omentum of a young rabbit is chosen because it is nearly a 
complete membrane with few fenestra or holes in it. 

12. Omentum of Cat (l and H).— Slount in balsam a small 
piece of the silvered omentum of a cat (Method, p. 77). In cutting 
the omentum into siuall pieces, the easiest way is to spread it out, or 
lather float it out, on a sheet of paper, and then cut the paper and 
omentum into pieces of the necessary size The pieces are thus 
less hable to fold up, and are 
" more readily manipulated on 

the slide. 

(o ) (L) Observe a mesh 
work of trabeculje (T) bound- 
ing pen polygonal spaces (fig. 
91 Jj). In the lai^er tra- 
beculffl may be seen blood- 
VLSsela (e^, an artery or a 
■vt, n or both, surrounded 
here and there by groups of 
lai^ clear cells — fat-cells (/). 
All the trabeculte arc com- 
1 letely covered witli endo- 
thelial cells, whose outlines, 
mapped out by silver lines, 
in just be recognised. 
{J>.) (H) Select a large 
B strand with a blood-vessel in 

coi^olM. Silver nltraU and hWDWnxj-lln, ;t (J), FocUS tho silver lines 

(s) on its u])per surface, and 
gradually depress the lens until the fibrous tissue composing the 
strand comes into view, and, still lowering the lens, bring the 
endothelium on the under surface into view. 

(c.) Select a fine trabecula, nnd note the silver lines on it; also 
observe the fibrous tissue of which it is composed. 

((/.) If desired, a jircpiiration may be stained with l(^wood to 
reveal the nuclei of the cells of the undothoHuni (a), as well as 
those of the fibrous tissue composing the membrane (h). Tho 
nuclei of the endothelial cells are superficial, and usually spherical 
(a) ; those of the connective-tissue corpuscles are in the substance 
of the membrane, and are usually more flattened and somewhat 
oval p.). 
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ADDITIONAL EXERCISES. 

13. DogieFB Methylene-Blue Method. — Place any fresh rnembrane, e.g,y 
omentum, mesentery, capsule of kidney, in a 4 per cent, solution of methylene- 
blue in normal saline. Allow it to stain for ten minutes or so. Wash it twice 
in a saturated watery solution of jiicrate of ammonia and examine in glycerine. 
The outlines of the cells are stained of a purplish colour. This method may 
be used instead of the silver method to demonstrate the existence of endo- 
thelium on any surfiice, e.g.j on tendons (rat) in blood- or lymph-vessels. It 
is also used to demonstrate lymph -spaces. 

14, Sections covered by or consisting of epithelial cell structures may 
be stained in a weak wateiy solution of benzo-azurin. This stain is not 
removed by alcohol, and the sections can be mounted in balsam. Or benzo- 
pnrpnrin (B.) may be used. This gives a reddish stain, any excess being 
removed by alcohol rendered feebly alkaline, e.g., b}"^ lithium carbonate. 
Benzo-nzurin stains connective tissue of a bright blue. 



LESSON V. 

COLUMNAR, SECRETORY, AND TRANSITIONAL 

EPITHELIUM. 

Columnar Epithelium lines the mucous membrane of the ali- 
mentary canal from the cardiac orifice of the stomach onwards ; 
the greater part of the ducts of the glands opening into it ; other 
gland ducts. 

II. Columnar Epithelium. — Slit open the small intestine of a 
rabbit or a cat jtcd killed. Wash the mucous surface with normal 
saline to remove any adherent particles. 

1. Fresh Condition (H). — With a scalpel gently scrape the 
mucous surface and transfer what is on the scalpel to a drop of 
normal saline solution on a slide. Diffuse the scrapings in this 
fluid, and to prevent the pressure of the cover-glass, place in the 
fluid a hair half-an-inch in length. This preparation is not to be 
preserved. 

(a.) Observe numerous columnar epithelial cells, a few isolated, 
Init most of them adhering together. Side View of the Cells. — 
Select an isolated cell, notice its columnar form, usually tapering 
to a blunt point at one end, while the body of the cell is faintly 
granular, and contains a clear oval nucleus. The free broad end 
is covered with a highly refractile disc — seen on edge as a narrow 
refractile band — with fine vertical striae in it (fig. 92). 





1^2 PRACTICAL HISTOLOGY [v. 

Many more or less complete villi may be seen. Along the edge 
of the villus, covered by its layer of columnar cells, the clear disc 
is readily seen, and by focussing the surface of a villus the nucleated 
mosaic formed by the ends of the ceUs, with the rounded mouths 
of the goblet-cells, come into view. 

(b.) If the animal was killed whilst its food was undergoing 
digestion, refractive fatty granules may be seen in the protoplasm 

of the cells. 

(c.) End View of the Cells. — !Move the preparation until a 

fragment of detached epithelium is seen showing the free ends of 

the cells directed towards the observer 
(fig. 92, d). 

(d.) Note in such a group of cells the 
I)olygonal outlines of the ends of the 
cells, and in each polygonal area a large 
spherical nucleus, which appears almost 

Fig. 92.— a, 6. Isolated Columnar to fill the area. A nucleolus can often 

f?.L'SlPca?;'c°Go""eS! l>e secn. Here and there may be seen 
d. Ends of columnar cells and the rounded Opening of a goblet-cell. 

open mouths of goblet -cells -r< r n 1 i.* i.? 

directed towards observer. i^ocus cdrelully and notice the appear- 
ance of the goblet-cell. When the open 
mouth is in focus, it is seen as a circle of small diameter, and on 
depressing the tube the broad part of the cell comes into view (fig. 
92, d). 

(e.) Amongst the cells may be found isolated goblet-cells (fig. 
92, c). Each cell has an open mouth, while the lower part of the 
cell contains a nucleus embedded in a small quantity of protoplasm. 

2. Isolated Columnar Epithelium of Newt (H). — Mount in 
glycerine a small quantity of isolated columnar cells which have 
been dissociated ])y maceration in dilute alcohol and subsequently 
stained with picro-carmine. Place a short length of hair under the 
cover-glass. 

The small intestine of a rabbit may be used, but far larger cells 
are obtained from the intestine of a newt. Macerate the whole 
intestine in dilute alcohol for twenty-four hours and stain in bulk 
in picro-carmine for at least another twenty-four hours. On 
scraping the mucous surface, the cells are detached and diffused in 
formic glycerine. 

(a.) Observe the large, tall, columnar cells, often tapering to a 
point at their lower end, the red-stained nucleus, and the clear 
striated disc. The nucleus usually exhibits a distinct nucleolus 
(fig. 93), and sometimes two nuclei are present. Sometimes two 
nucleoli are seen in a nucleus, and the cell itself may be branched 
at its fixed extremity. 

If the intestine of a newt be nxacerated for twenty-four hours in 
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5 p«i cent, ammonium chromate, then the nuclei and cell-body show 
a diBtiflct fibrillar Btnicture. 

TTT Glandular Epithelium occurs in the secretory glands, e.g., 
liver, pancreas salivary gastric inteitinal and other glands Neces- 
sarily it must ay e y great y n shape a d n ts fun t on 

3. Secretory or Glandul&r Epitliebum of Liver — W th a 
clean scalpel scrape the cut s rf e of the 1 e of an n n al ju t 
killed, ff a rat^ Place the sc ap ngs d il lute al ohol (t e ty 
four hours) pour off the alcohol and o er t w th 1 ro j m u 
(twenty four hours) 

Liver Cells {H)—(« ) Exan u tl olatcd c Ua n ^ ycerme 
with the sual precaut o s. Observe 1 e cub jI ells, wl 1 may 
bo isolated o adher ng n groups of t vo or th ee The granular 





protoplasm is stained yellowish, and each cell has a spherical bright- 
rod nucleus. The protoplasm may contain globules of oil, and 
occasionally two nuclei may he seen in a cell, esjwcially in the liver- 
cella of a young rot {fig. 94). 

{?!.) If the cells be much broken up, liberated nuclei and gmiiiiles 
of oil, and sometimes red blood-corpuscles, are seen in the field. 

(c.) Aeetie acid clears up the protoplasm, makes the nucleus more 
distinct; it does not affect any fatty particles, but mei-ely makes 
them more evident. 

Sulpho-ci/anide of polaaeium (5 i>er cent.) is aii excellent medium 
for maceration of the liver-cells. The plexus of ilbrils in the nuclei 
is thus rendered visible. 

IV. Transitional Epithelium occurs in the urethra, urinary 
bladder, ureters, and pelvis of the kidney. It is confined to the 
geni to-urinary mucous membrane. It consists of several (2-3-4) 
layers of cells. The superficial cells are large and flattened 
(especially if the bladder has been kept distended), often with two 
nuclei, and with depressions on their under surface produced by the 
lai|[e rounded ends of the cells of the next layer. The cells of the 
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next layer are somewhat pyriform (fig. 95, h), while the deepest layers 
are composed of smaller polyhedral cells. 

4. Transitioiial Epithelium of Bladder (H). — Place the dis- 
tended bladch^r of a frog or cat in dilute alcohol for twenty-four 

hours, stain it en masse for the same time in 
picro-carmine, scrape off a little of the mucous 
surface and diffuse it in glycerine, add a hair 
and cover. The cells may also be macerated 
hy using instead ^ per cent, bichromate of 
potash solution. 

(a.) Observe various forms of cells, some 

of them more or less flattened with facets on 

their surfaces (fig. 95, a, a'), others elongated 

with finger-shaped processes (^), some pear- 

isoiated Traiisi- shaped, and others cubical. All are 

nucleated. 

5. To Distend a Frog's Bladder. — By 
means of a pin transfix the skin at the 
margins of the anus, and tie round the pin 
a thread so as to completely occlude the 
aperture. Oi)en the abdomen, make a slit 
into the rectum, and from the latter, after removing its contents, 
inject dilute alcohol (p. 25) into the bladder. When the bladder is 
distended, ligature it, cut it out, and suspend it in its inflated con- 
dition in dilute alcohol for twenty-four hours. 

If the bladder of a cat or guinea-pig be used, it is distended from 
the urethra with dilute alcohol, and suspended for twenty-four 
hours in a large volume of the same liquid. 



Fifl. 95. 

tioiial Cells from the 
Bladder of a Guinea-pig. 
a. A superficial cell seen 
from the side, and a' from 
below; b and e. Cells from 
ttie deeper layers. Dilute 
alcohol and picro-car- 
mine, X 300. 



ADDITIONAL EXERCISES. 

6, To Silver the Free Ends of (Columnar Epithelium. — A small piece of 
the mucous surface of the small intestine of a cat is washed in distilled water, 
and then placed for ten minutes in a ^ per cent, silver nitrate solution, and 
silvered in the usual way (Method, p. 77). After hardening in alcohol, if the 
epithelium be detached and mounted in glycerine, it is easy to obtain a view 
of the free ends of the epitlielial cells, with the cement substance between them 
indicated by "silver lines," and also to see the open mouths cf the goblet-cells. 
The view obtained is that shown in fipj. 92, d. 

N.B. — Other preparations of these forms of cpiUielium will be obtained in 
sections of the organs in which they occur. 
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LESSON VI. 
CILIATED EPITHELIUM. 

Ciliated Epithelium occurs in the nasal mucous membrane 
(except that of the olfactory region), the cavities accessory to the 
nose, the upper half of the pharynx, the Eustachian tube, larynx, 
trachea, and bronchi, the uterus (except the lower half of the cervix), 
Fallopian tubes, vasa efferentia to lower end of epididymis, the 
ventricles of the brain, and the central canal of the spinal cord. 

V. Ciliated Epithelium. — ^A ciliated cell may be any shape, but 
usually it is more or less columnar. Only the cells of the super- 
ficial layer bear cilia. The bunch of cilia are directly continuous 
with the protoplasm of the interior of the cell, and are planted on a 
clear disc, which is said to be composed of small '* knobs " placed side 
by side to form a bright refractile disc ; a ciliuni being attached to 
each knob. The deeper cells may be pyriform or polyhedral, accord- 
ing to the situation from which the epithelium is obtained. Goblet- 
cells#may be found between the superficial ciliated cells. 

1. Ciliary Motion in the Frog (H). — After pithing a frog, gently 
scrape the roof of its mouth with a scalpel, and diffuse the scraping 
in a drop of normal saline, add a short piece of hair, and cover. 

(a.) Notice groups of cells with cilia on their free surface. The 
cilia bend quickly, at the rate of ten to twelve times per second, with 
a whip-like motion in one direction, and then rapidly unbend, tlms 
creating currents in the liquid, and thereby moving the corpuscles, 
granules, or other free particles that may be present. They bend 
more rapidly in one direction than the other. All the cilia covering 
one surface are not in motion at one time, but the movement passes 
from cell to cell in a wave-like form. If a portion of cell with cilia 
attached is in view, the fragment of the cell may be seen to be 
moved in a definite direction by the vibratile motion of its own 
cilia. Cilia detached from a cell cease to move. 

2. Ciliary Motion in the Mussel (L and H).— Open a salt-water 
mussel, collect the salt water which escapes, cut out a fragment of 
one of the flattened yellow gills, and place it in a dro}) of salt water. 
By means of two needles separate slightly the bars which compose 
the gills, cover and examine. 

(a,) (L) Observe the bars with their free rounded ends and their 
surfaces beset with a fringe of moving cilia, which cause the i)articles 
suspended in the fluid to be carried along in a definite direction. 
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(i.) (H) Select a single, cilvum observe that it is a clear homo- 
geneous tapering filament, placed on a clear baml which covers tho 
cells on the surface of the har of the gilL Notice how the cilium 
bends more at the top than base, and how it straightens itself again. 
The movement may go on for several hours. The backward move- 
ment is less rapid than the forward stroke. 

3. Heat (H). — By moans of a camel-hair brush run a ring of oil 




round the prepamtion (2), and put it aside for an Lour or so, until 
the ciliary motion becomes slower. 

(a.) Place the slide on a hot stage (fig. 75) and gradually apply 
heat. As the cilia are warmed they move more quickly; but if the 
temperature be too high, of course the proteida are coagulateil and 
the cells killed. If, while the cilia are moving rapidly, the source 
of heat be removed, aa the preparation cools the cilia gradually move 
more and more slowly. 

Use the hot stage described in Lesson III. 0. But in using it, 
put the preparation of cilia on a c iver glass moistened with d 1 
of sea-water, and invert tlie t ^1 is th ] t th 1 t 

Bt^e, so that the drop of fli 1 1 1 1 g th 1 ttl la 

cavity. 

4. Weak Alkalies —To appt nhlth lame 
languidly, apply a dmp of J pe t lut f ca t pot 1 
This immediately revives the t f I 1 1 but as tl o 
alkali penetrates into the cells, it ultimately kills them. 

5. Chloroform ( L and H). — Place a fragment of a mussel's gill in 
a drop of Sidt water on a cover-glass. Put a small drop of chiorofomi 
in a glass cell and place the cover-glass on the cell, with the drop of 
fluid hanging into the latter, as shown in fig. 96. 

(ai) (H) Observe the movement of the cilia, and, as the chloroform 
vapour diffuses into the drop of water and acts on the cilia, how 
they move slower and slower. If the action of the chloroform be 
pushed too far, their movement will be arrested. If the action of 
the chloroform be not too prolonged, and the preparation removed 
and freely exposed to the air, tlie cilia may begin to move again. 

6. Action of Gases on Ciliary Motion, e.g., Carbon Dioxide. — 
Carbonic acid is generated in ttie usual way in a flask containing 
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marble and dilute hydrochloric acid, aud by means of a caoutchouc 
tube it is fonJucted to a glass gas-chamber (tig. 97, C), over which 
the pteparutiun of cilia on a cover-gltisa is inverted. 

If it be preferred, the following moist chamber, by Ranvier, for 
Gtudyinfi the action of gases may be used. It consiiats of a brass box 




nltoiit t>ie size of a mieroacopical «iide, and perforated at the centre 
by ail aperture 3 cm. wide, which is closed below by a plate of glass. 




I 



luiid (li). Moreover, 



III the centre of the aperture is fixed a plate of g 

in diameter, thus leaving acirculnr trench all n 

the height of this circular plate of glass is 

lees than the height of the bra-sa bos by at 

least y\flh mm. The box is perforated by 

two tubes, through which the gases cau 

be conducted to the preparation, ivhicti is 

placed between the top of the circular 

RlasB disc and the cover-glaaa which covers 

ill completely the a|ierlure in the brass 

bos. In this way the gas or vapour can 

be applied to a preparation still iu a normal of "ib Frog. Dilute »1miIio1 

fluid medium. ""* i'''™-^"""'^. " 3™. 

(a.) If carbon dioxide be used, observe that it rapidly arrests the 
movement of the cilia and renders the cells granular, probably from 
the precipitation in them of paraglobulin. 
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7. iBoUted Ciliated Epithelium Bnd GoUet-Oells (Ftok) (H). — 
Scrape off a little of the epithelium from the mucous membrane of 
the palate of a frog, which has been macerated 
1,.^ fur twenty-four hours in dilute alcohol and after- 
wards stained by picro-carmine. Before staining, 
'i^, ~~^ !'' it ia advisable to pLice the isolated cells for 
acvpttd hours in \ per cent osmic acid. Diffuse 
tlio cells iu gSyceriup, put iu a hiiit, cover, and 
eicamine. 

(a.) Observe an isolated ciliated cell; it is 
short aud columnar, perhaps tapering or divided 
at one end, while the other end is beset with 
cilia, resting on a clear, transjiarent, reftuctile 
disc ; the protoplasm is granular, and encloses an 
oval red-stained nucleus with one or two bright 
cxcentrically-placed nucleoli (lig. 99). 

Besides the ciliated cells, there are otiiers 
without cilia, oval or elongated, jwinted at one 
end. These are from the deejier layers of the 
ciliated surface (fig. 102). 
■''' (t) Numerous goblet or chalice cells will also 
rng, be seen. They are cuji-shaped cells, with an open 
'™' mouth, and containing mucigeu. There is a 
r extre- smalt amount of protoplasm at one end of the cell 
""""' —the end by which it is fixed- — which encloses 
a spherical, oval, or compressed nucleus. The 
goblet-cells msiy be seen in two conditions, some clear with their 
mucigen discharged, and othecs full of granules or 
" loaded " with mncigcn. 

The cells may also be isolated or dissociated by 
macerating the membrane in iodised scrnm (p. 25). 
A cell isolated in this way, and magnified 1000 
diameters, is shown in fi^'. roo. 

8. Isolated Ciliated Cells (Mammal). —Use the 

trachea of a cat or other mammal, and macerate 

small pinces in dilute alcohol (twenty-four hours). 

Stain it in bulk in picro-ciirmine. Tlie isolated cells 

examined in glycerine or glycerine-jelly. If the 

triichca of the ox bo used, observe 

d^'pe?''uy'™ ("■) "^^ ^^' narrow ciliated cells (fig. 101), each 

Diiuto alcohol with its ciHa and clear disc. The ends of the cells 

mine,"^'^'' may be pointed or branched. Amongst these may 

bo seen oval or battledore-shaped cells (a), the 

younger cells which exist in the deeper layers of the 1 

membrane. 
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9. Ciliated Epitheliton (L and H). — Mount a vertical section of 
the respiratory mucous membrane of the septniu of the nose of a cat 
or other animal. The tissue has been previously hardened in Miiller's 
fluid, or in chromic and spirit fluid, or, what is better, a saturated 
iTatery solution of corrosive sublimate for two or three hours. In the 
h>fit case, every trace of the metallic salt must be removed by prolonged 
and frequent washing with alcohol. Stain the section with logwood 
and mount it in balsam ; or picro-carmine can be used. 

(a.) Observe several layers of cells (fig. 102), but only the super- 
ficial layer of cells is furnished with cilia, which are placed on a 
clear disc on the free end of the cell Notice the shape of the ccIIb 
in the subjacent layers. Those of the lowest layers are nearly 
spherical, while m the mtermedute layers they ate more elongated, 




and are described as battlcdo re-cells, arranged in between the others. 
They replace the ciliated cells when the latter are shed. 

10. Isolated Goblet-Cells (H).— These are readily obtained by 
macerating the stomach of a frog in dilute alcohol for twenty-four 
hours. Scrape the surface and diffuse the cells in glycerine. They 
may be stained with piero-camiine, or they may be diffused in salt 
fiolution and stained with methyl- violet 1 ut tl e latter preparation 
cannot be preserved in glycerine. Js n cro s gol let-cells will be 
frjund in 7, 

(a.) Observe the isolated cells (fig. 103) Ea 1 cell is filled for 
more than thi-ec- fourths of its capacity tl n c s, while at the 
lower tapering end there is a nucleus en be i led a bmall quantity 
of protoplasm. Sometimes a plug of mucus may he seun exuding 
from the open mouth of a cell, 

(li.) With a high power the interior of the ujjper part of these 
cells may be seen to contain a fine network of fibrih. In the meshes 
is a substance, mucigeii, and when this is acted on by water it yields 
mudn. In a certain sense these bodies are unicellular muciparotu 
glands. 
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ADDITIONAL EXERCISES. 

11. Corer-GluB Prepanitioii of Ooblet-CeUs. splice tha (Esophagus or 
Btomttch of a fro^ in dilute alcoliol Tor twenty-four hours. Scrape the tuucoDs 
surface and compress the acrspinga between t»o covcr-glttHscs. Separate the 
CQVvr-elassc9, allow the film adhering to e&cli glass lo dry, and then stain 
it with eosin or aniline-wat«r-methyl-Tiolet, or safranin-O. Wash off tho 
Burpliis staiu with absolute alcohol, allow the film to dry, and mount it in 
nylol-balsam. 

Perhaps a better plan still ia to stain the cover-glass preparations for 
twenty-four hours in EhHich-Bioiidi fluid. It is prepared thus ;— 

EkrlicK-Bioadi Fluid. 

Saturated watery solution of orange .... lOO cc. 
„ ,, acidfuchsin . . . zo,, 

„ ,, methyl-green . . .50,, 

The Bolutiuus used, however, must be saturated. When used aa ■ staining 
■gent, this strong fluid is diluted with about forty Tolumea of water. 

(0.) Observe the goblet-cells with their chiiracters retained intact. In the 
Ehrlicb-Biondi prepnration the protoplasm is stained red, the nuclei and 
nucleoli bluish. 

12. Oover-Qlan Preparatioii of Ciliated Epithelium.— The mucous mem- 
brane of the (esophagus of a frog is placed for twenty-four hours in dilute 
alcohol. A cover-glaas ]>rrparation is made of the eintheliiim, and stained as 
described uniler 11, with methylene-blue, safranin-O, gentian-violet, or 
Ehrlich-Bioudi fluid, and niounte<l in xylol-balsam. 

13. T.S. Tongue of Frog (H).— By moans of hodgeho^-siiinea. pin out the 
tongue of a frog on a thin layer of cork with a smfill hole in it. Harden it for 
two hours in a saturated watiry solution of corrosive sublimate ; remove every 
trace of the sublimate by prolonged washing in alcohol— not water. Stain in 

bulk in pic ro -carmine or borax-CArmine. 

j^ -" Make transverse secliona— best by tlie 

f^^ , pirafGn infiltration embedding method 

4f*\ t IP 4i)-fl"cl mount the sections in 

/■ fe^"^ J lialsnm 

I ^C pO' ^ ^ (a ) Observe the fibro-muscular bnsis of 

I " ^ '**j '' '^* tongue, covered on tho surfaee with 

' ^ , '' *"« ']tf'j''i < iliated enithelium cells ; between the 

•■*^j'i cihaled cells the goblet-cells, each with an 

j I I open month and its plei'us of fibrils with 

murigen in its meshes (fig. 104). 

(ft ) Observe, too, how the expanded 

o\oid goblet-ccUa com]ireKS the ciliated 

iia — \ s I illatcd Epithelium u( cells ami cause the latter to haTB a peculiar 

Fn^a Tonnuc in MusculnrflUrrs shape a broad espaniled top and a narrow 

( o roBivo giiblimate and picrr car liodj 

carmiPB v 250 (^ ) The young ei-lls at the base of the 

ciliated cells. 
If the specimen be stained in picro.eannine and moniited in balsam, the 
yellow colour of the menc acid can be retained by putting a little picric acid 
into the alcohol used to dehydrate it, or by picric acid placed in the clove-oil 
or xylol uud to clear up the section. 
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LESSON VII. 

STRUCTURE OP CELLS— MITOSIS OR KARYO- 

KINESIS. 

Structure of the Animal Cell — To see all the structures in an 
animal cell is by no means easy. Speaking generally, the tissues 
of the articulata, amphibians, and reptiles yield the largest tissue 
elements for examination. The cells may be examined in the fresh 
condition or after " fixing," hardening, and staining. 

In Fresh Condition. — Examine a teased preparation in an 
indifferent fluid, e.g., normal saline, the liquid of Ripart and Petit 
(p. 24), or in solution of methyl-green (p. 74). The preparation may 
be sealed xi\y with paraffin wax (p. in) and examined after some 
time. 

After Hardening. — The best osmic acid '* fixing " fluids for this 
purpose are the fluids of Flemming, Rabl, and Fol, and the best 
stains safranin and gentian-violet. Mount in xylol-balsam. 

To see the finer details an oil-immersion lens and Abbe's con- 
denser must be used. 

Mitosis or Karyokinesis. — By these terms is meant the remark- 
able series of phenomena which take place in cells — animal and 
vegetable — when they undergo a process of indirect division. In 
this connection it is important to remember the constitution of a 
cell and some of the terms which have been applied by different 
authors to its several parts. A cell may or may not possess a dis- 
tinct cell-wall, but the cell-body appears to be made up of two 
substances, which Flemming names as follows : — One composed of 
threads, seldom forming a network, and called by him cyto-mitoma 
or mitoma (/juto^, thread), ako called spongioplasm, and the 
other, homogeneous and lying in the meshes of the latter, is the 
paramitoma or hyaloplasm. The cell-contents are generally 
(le.<<cril>ed as consisting of a finely-granular soft substance, the so- 
called protoplaam (fig. 105). This protoplasm consists of a network, 
sometimes called a ^^ filar mass " or spongioplasm, which lies em- 
bedded in a homogeneous ground-substance or " interfiJar mass " or 
hyaloplasm. The filar mass corresponds to the mitoma of Flemming 
and to the S])ongioplasm of some other authors, while the interfilar 
mass corresponds to the paramitoma, or the hyaloplasm, or j/ara- 
plasma of some authors. 
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Protoplasm. 



Nucleus 




Nuch ar Membrane. 
Nuclear Network. 

Niuleoli. 



The nucleus (fig. 105), bounded by a nuclear membrane, com- 
posed of two layers, an outer one, which does not stain (achromatic), 
and an inner one, which does (chromatic). Within the membrane 

is an intranuclear network or 
karyomiton (icapvov, a kernel) 
or karyomitoma, consisting of 
a reticulum of threads or fine 
fibres, arranged sometimes in 
the form of a regular network. 
As these threads, or at least 
particles in them, stain readily 
with certain dyes, e.rj., safranin, 
Fig. 105.— Coiiiiictivi-Tissue Corpuscle from they liave been Called chromatin 

the Skill of a Salamander. '' j r t i 

or composed of ciiromoplasm. 
In the meshes of this more or less perfect network lies the nuclear 
fluid, which, however, does not stain with certain pigments : it has 
been called achromatin. 

In the meshes of the reticulum lies one — usually more than 
one — nucleolus. It is more refractile than the rest of the nucleus. 
Generally, however, as stated, two or more nucleoli are present, 
and they seem to differ in their chemical constitution, so that 
Flemming speaks of principal and accessory nucleoli. Many of 
the bodies described as nucleoli are really parts of the intranuclear 
fibrillar network seen in optical section. Other observers have 
apj)lied different terms to these structures, but here it is not 
necessary to multiply terms. The "attraction sphere" existing in 
the protoplasm of some cells seems to exercise some influence on 
the dividing nucleus. 

The great majority of cells reproduce themselves by indirect 
cell-division or mitosis, and in this process the network within 
the nucleus plays a most remarkable part. The division of a cell 
is always preceded by the division of the nucleus. Stjirting from 
the resting nucleus, where the threads are not well developed, soon 
two poles ai)pear in the nucleus, and then the threads grow 
thicker, more numerous and tortuous, forming the convolution 
stage. The various stages are indicated in the following 
scheme : — 

Mitosis. 

The mother nucleus showing the fibrils in the 
reticulum or network stage. 

Clo.se skein of fine convoluted fibrils, then thicker 
loop.s running from polar to antipolar regions, the 
nucleoli disappear. 

Each loop (usually v-sliape<l) splits longitudinally 
into two and the achromatic spindle appears. 



1. llcsting niccleus. 

2. Skein or spirem. 



S. 



Cleavage of fiJyrils. 
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, Melakin'j'is 1 
Divergent 
. Dyatier or 
Dtntble S 



Tim achromntic apiiidle di»ti]ii't with two poles, 
teriiiinating in twu [lokr cur]iuscle3 (witli 
FytsBtiTs), nuclear roenilirBna InaL The V-ahaped 
lihrninntin Rbrca nrrange tbenisplvps in tlieeqantav 
of the Hpindle, Cytaplasm separates into a itloar 
aoil a. granular zone. 

e tow&rds poles along 



Open skein iii di 
skein. Niidea 
iliviiliH. 



'divi'lBii 



filitv 



toil. 



^dily t 



iiipliis nf these and tin: 



III the preptirtitions 01 
ntli.ir stall's of niitoaia. 

Mitosia — lly far the best iiiiimala to use for stiiilying the process 
of liiitiisis are the lurvte of the water-salamanilur. The young 




litiisll. A. Kui^kiT relicnliim, rifitinu-staee ; B. PrepariiiH I..1 <iivislrm ; r. 
iMge : D. lloiiuBter with lurhrnninliu erindle : B. Barrel or pitlinUe stiiiie .,t 
Hl«.j.«.,chrom»tlnlll)r[l> tririiUI ng sloug tlie sdhromatic aplndle towards the 
'. Dluter ; O. Daughter wreatta stage ; a. Daugtiter oella passing to restini;- 



iiiiitnalB must be CBn.'futly fed, aha the mitotic figures nre not well 
seen. They are killed at various stages, when they vary in length 
fmni J to 1 inch in length. Tliey may lie hardoncd in J per cent 
chromic acid. 

A very good hanleuing reagent is one-sixth p.i;. uhroniic axiiil. 
From a weak to te.n days is BuffieiBnt If FlemniiiiH's mixture {p. 32) 
be nsed, tlie tiasiiea rauat remiiin in it twenty-four hours or leas. 
Some prefer Rabl's mixture {12-24 houi^) (p. 31), others alisolute 
alcohol OF picric acid. After being "lixed" the tissues ore placed ii 
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30 to 50 per cent alcohol, the alcohol being renewed frequently 
until no colouring matter is given off. They can then be preserved 
in strong alcohol, but on prolonged keeping the nuclei change 
somewhat. 

1. T.S. Tail of Larva of Salamander (H).— Stain a section for 

12-24 hours, or even longer, in a solution of safranin (p. 75) — a 

saturated alcoholic solution diluted with half its volume of water. 

In dealing with such delicate sections, 

it is well to "fix" the section on a 

slide beforehand, especially if it be 

.-j^ cut ill paraffin. The section may be 

^^J. fixed by albumin and glycerine, the 

paraffin removed by turpentine or 

^'' sXnr«..rer^S™«'"4"Nuc"e? naphtha. After staining, wash in spirit 

MoiwBiBr iind Diasier siaseg oi and placB in acid alcohol (100 cc. 

a^aiSranVy'aJ^"""" »l-Solute alcohol to 35 drops of 

hjdrochloric acid) Tins rapilly de 

colonscs it (1 I mill ) Instead of acil alcohol the absolute alcohol 

may be used It removes the surplus stain more slowly The 

lifficulty IS just to hit the moment when the dje is washed out of 

til), nuclear matrix the fibnls being still btained The section is 

then transferred to absolute al ohol and clarified and mounted in 

xylol balsam The best a^ent to clanfj the section is cedar wood 

oil, as it does not dissohe 

_^ -. /~~~^ the safranin which elove-oil 

(a ) Observe the layers of 

L]ithelium of the epidermis 

(h„ 107) In several of 

the nuclei the characteristic 

_ z' mitotic h^ures are to be 

^ J spen an I in one or two 

-~^ sections it IS not dififieult to 

pick out examples of nearly 

the EpMetnis ^i[ the stages of nuclear 



; the nucl 1 



^ 



safrinin 'Jttino 1 spe 1 



\i\ 1 ion \\ 1 lie the nuclear 

fibres ire u 11 seen in 

ir 1 in lie is n t usuallj well 

2 Surface-Scraping of th'^ Epidermis Cornea or Ext^iniil 
Gillfl ^Instead of miking 1 siUion =!crape the surface of the skin 
of the till! or break up the external gills m water or stniti (safranin) 
and mount the cornea in XI lol balsam Stain either inth stfronm 
orlO;,wood mount in balsam ind n imerous mitotic itgurea will be 
found (lig 108) 
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Some prefer to stain the sections, — e.g., after hardening in picric 
acid — with Kleinenberg*s logwood diluted with the alcoholic 
solution of alum and calcium chloride (p. 68), allowing the sections 
to stain for 12 hours or longer. They are mounted in balsam. 

N.B. — It is important to note that tissues must be treated 
differently according as one wishes to see the chromatic fibres or the 
achromatic spindle. To see the ordinary mitotic figures, osmic acid, 
or any fluid containing it, is good (12-24 hours) ; but in order to see 
the achromatic spindle, it is better to use a chromo-acetic mixture 
(p. 31) for 12 hours. 



ADDITIONAL EXERCISES. 

Mitosis, however, can also be stuilied in mammalian tissues. 

3. Mitosis in Omentum of Kew-Bom Babbit. — Orth recommends the 
omentum of a new-born rabbit. Harden it for twenty-four hours in Flem- 
ming's fluid (p. 25) ; wash it thoroughly, and stain it in safranin-O ; wash in 
water, and remove the surplus dye, if necessary, by means of alcohol acidu- 
lated \dW\ hydrochloric acid (p. 144). In the cells of the milk-spots and in the 
walls of the blood-vessels it is easy to detect mitotic figures, but they are much 
smaller than in the salamander. 

4. Mitosis in the Amnion. — One of the rendiest sources is the amnion of a 
pregnant rat, as recommended by Solger. After the rat is killed, the uterus 
is excise*! and placed in a saturated watery solution of picric acid. The uterus 
and the membranes round each foetus are opened under the picric fluid. 
Harden for twenty-four hours ; wash well in water, and liarden in the various 
strengths of alcohol, beginning with 70 per cent. Better results are, I think, 
obtained by removing the picric acid by washing in alcohol instead of water. 
Select the amniotic membrane and tinge a small part of it in Ehrlich's acid 
hsematoxylin (p. 69) diluted one-half. The membrine may also be hardened 
in FJemming's fluid and stained with safranin. 

5. Method of Martinotti and Eesegotti. — Small pieces of the tissue, e.g., a 
rapidly growing tumour, are hardem-d in absolute alcohol. Sections are made 
and coloured in a watery solution of safranin-O. The decolorisation, how- 
ever, is obtained by a hydro-alcoholic solution of chromic acid. Take one to 
two parts of a I per cent, solution of chromic aciil to eight or nine of alcohol. 
After it is sufficiently decolorised — i.e., the colour is removed from every part 
except the fibrils of the nuclei — wash the section in absolute alcohol, clarify 
in oil of bergaraot, and mount in balsam. This method yields excellent 
results. 

6. Mitosis in Plants. — Various plants have been recommended, but my own 
ex}»erience is limitc^d to the following : — 

{a.) Take the fruit of Fritillaria imperialis when they are 30-40 mm. in 
length, and place them in absolute alcohol for a week. Then in equal parts 
of glycerine and absolute alcohol for 24 hours. Then cut the fruit in two ; 
with a dissecting microscope search for the embryo-sac. It shows various 
stages of mitosis after staining for 12-24 hours in safranin. Mount in xylol- 
balsnm. 

(6.) A transverse section of the fruit of Lilium candidum also does very well. 

14 K 
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Hanlen tlie buds in abflolute alcohol when tht'j are about l-i) cm. long. 
Staifi in safrauin ami mount in xylol-balsam. 

(r. ) \ h:ive also trir^i th»* young growing shoots of an onion bulb ]>laoe<l in 
water. The ti(>0 of t)ie growing rootlets were hardened in Fol's or Rabl's fluiil 
and htaiueil with safrauin. Fairly good specimens were thus obtained. 



LESSON VIIL 
CELLULAR AND HYALINE CARTILAGR 

Cartilage.-— Tho varieties of cartilage are classified as follows : — 

1, Cellular <.r Parenchymatous occurs in the chorda dorsal is, ear 

of inous/* ami rat. 

2. Hyaline eiurrusts the articular ends of bones, occurs in costal, 

tracheal, bronchial, laryngeal (except epiglottis and cornicula 
laryngi.s), nasal cartilages, external auditory meatus, and in 
the " temporary " cartilages of the foetus. 

X Fibrous i ("^ ^7^^^^^ fibn>cartilage. 

^' ' I (A.) Yellow libro- cartilage. 

{(I.) White jihro-rartilage occurs in the intervertebral discs, 
intcrarticular fibro-cartilages, as marginal cartilages on 
the edge of joints (hip, shoulder), lining tendon 
grooves, in sesiimoid bones, the sacro-iliac synchon- 
drosis and syni])hysis pubis. 
{h.) Yellow fihvo-rartiJa(fp. occurs in the epiglottis, cartilages 
of Wrisberg and Santorini, external ear, and Eustachian 
tu])e. 

I. Cellular Cartilage (H). — Kill a rat or mouse ; snip off the ear. 
With a stout pair of force])s remove the skin and the other tissues 

from the ear until the thin lamella of cartilage 
which forms the basis of the ear is ex^wsed. 
Harden the cartilage in absolute alcohol. Mount a 
thin part of the cartilage in Farrant's solution. 
1. Cellular Cartilage (H). 

(a.) Observe the clear clU (fig. 109, c) ; some of 

them may be spherical, but most are polygonal in 

'^'^cariSiage^^^rom shape, closcly pressed together, and united by a very 

the Ear of a small amouut of matrix or intercellalar suhdance {m), 

SJohoi, TJso!^ I^y focussing, rows of them in several planes may be 

seen. Usually no nucleus is visible in the cells. 
If desired, a section can be stained with hsBmatoxylin and 
mounted in balsam. 
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n. Ejraline Cartilage. — This consists of cells or coipiucles em- 
bedded in a byoline matrix 

2. Cartilage of Newt (L and H).— Snip olT a Bniall piece of the 
thin cartilage of the sternum of a freshly-killed newt, and with a 
BCalpel scrape away any fibrOus tissue or 

muscle adhering to it. Mount it in normal 
saline solution or ^ per cent, solution of alum. 

(a.)Observc ahonK^eneoua matrix (fig. no, 
m), like ground glass, in which are embedded ^ 
here and tliere cartilage-cells or corpnBCles 
(''). The matrix is comparatively Email in 
amount, and hyaline, 

(/j.) }i!ach corpuscle consists of a spherical 
mass of transparent, finely-granular cell-Bub- 
staBCe (c). Sometimes IJie protoplasm con- 
tains refractile granules of oil, and in it is 
placed a spherical, clear, granular nucleus (h). 
Near the margin of the preparation may be seen cavities or capsules 
from which the cell-contents have fallen out ; others where the 
cell-contents have shrunk from their capsule ; while at other places 
the cells completely fill the spaces in which Uiey lie. On focussing 
through the thickness of the tissue, the cells are seen to be two or 
more layers deep, i.e., in a section of moderate thickness they lie in 
several planes. The ceils may lie singly or in groups. 

3. EfFect of Acetic Acid (H).— Irrigate with a 2 percent, solution 
of acetic acid. 

(a.) Observe that the nucleus heconies more distinct and granular, 
the cell-contents clearer, and the cell shrinks from its capsule, so that 
a space is left between the capsule and the irregular shrunken cell- 
contents. 

4. Action of Gold Chloride (H). — Mount in Tarrant's solution 
a section of articular cartilage from the head of the femur of a 
freshly-killed frog which has been stained by the gold chloride 
method {p. 78). If the gold be reduced by formic acid the bone is 
thereby softened, so that lioth bone and cartilage can be cut tc^cther 
in & freezing microtome. 

(it.) Observe the matrix faintly stained, and the corpuscles or 
cell-contents, but not nucleus, stained of a puri>le hua The ci^ll- 
contcnts have shnnik very little. Hero and there an empty 
cnrtilage-capsule may be seen. The gold chloride has a special 
afKnity for the protoplasm of the cartiiago-cella, bo that they stand 
out distinctly in contrast to the less-stained matrix in which they 
lie embedded. This preparation represetitn, as it were, the " [lositive 
picture," in contrast tn that obtained by tlic use of silver nitrate, 
which yields the "negative picture" (p. 77). 
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An a general rule, it may be stated that gold chloride stains the 
colluler elements, whilst silver nitrate stains the cement substance, 
e,i/., connective tissue, cornea, Ac. 

fl. Costal or Tracheal Cartilage (L and H).— With a razor make 
a thin transverse section of a fresh rib cartilage or tracheal cartilage, 
p.ff., of a dog, c:it, or rabbit, and examine the section in normal 
saline. 

(a.) (L) Observe the circular or oval outline of the section 
surrounded by the psrichondiium firmly adherent to the cartilage, 
which consists of cells embedded in a hyaline inatm{lig. iii, Pcli). 




smaller and flattened near the 
r spherical nearer the centre ot 
in groups, or in rows. 
IP, but in some places it may 



(/>.) (H) Ob-ierve that the cells iiri 
periphery, fusiform farther in, oval i 
the section. They may lie singly, o 

(e.) The matrix is generally hyali 
ho fibrous (figs, iii, x, and iia, /). 

(il.) Around each cell, or, it may Iw, each group of cells (fig. ria, 
3 or 2), look fora earliluje-cajmih (fig, iii). It is firmly united 
to and continuous witli the matrix ; but by tilting the mirror 
slightly, so as to modify the light, it may be seen distinctly as a 
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well-defined mi,nibmii bounding the cell-cavity Not uufrequenily 
sc\ eral 8u-calle<l Uauphteri-ella may be seen within one cajisule 

6 Hardened Costal Cartilage — Mount a transverse section of 
costal cartilage wliah has been hardcnwl m k satunted solution 
of jncnc acid The picnc 
acid IS remoied bj washing 
in alcohol 

(a ) Stain a section with 
picro-cirminc and mount it 
in Farrants solution 

(6 ) Sfcam a section in 
ha.matox} liii and mount it 
in hal&am The matrix is 
•ftained of a light blue, and 
the corpuscles of a deejMjr 
tone 

(r* ) A very ^nod stain fcr 
hjaline cartilage is Merkels 
indigo-carmine stain (p. 67). 
The preparation can bo 
mounted in balsam, and i!< 
not too transparent, 

(d) Cannrne — Ph i ^ 
similar section for twentj 
four hours in a strong sjIu 
tion of ammoniacal carmine 
(p 63) A\a8h away the 

surplus caimine ind aUow i ^ ^ 

drop of strong glacial acetic 

acid to fall on the scctiou. After a minute or so, wash the section 

thoroughly in water to remove all the acid, and mount it in Farrant's 

solution. 

Observe the same arrangement of the cells as before, but the 
cells are stained red while the matrix is colourless. The connec- 
tive-tissue corpuscles of the i>orichondrium are also red. Round 
each cartilage-cell is a thin outline deeper stained than the rest, 
indicating tiie presence of a CSitilage-capsule. 

7. Fat in Cartilage-CellB (H).— Place a section of coptal cartilage 
(preferably made from a piece of costal cartilage taken from a 
person over fifty years of a^e) in i per cent, osnuc acid for an hour, 
wash it in water, and mount in Farrant's solution. 

(a.) Oliscrve in some of the ceils small and aonicwliat larger 
black spots, which are globules of oil blackened by the osmic 

8. EoBin (H). — Stain with a watery solution of cosin a section 
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of liuman costal curtilage from an adult The section becomes 
uniforaily red. Wash it in dilute acetic acid and mount it in 
Farr.int's solution. 

(a.) The cells are more deeply stained than the matrix, and 
numerous cells will be seen in groups or in rows due to the pro- 
lite rati on of cartilage-cells. The carlila^e-capnulfs are usually 
more deeply stained than the surrounding matrix. Look for a 
part of the matrix which has become Jihrous. It is deeply stained. 
If the mirror be slightly tilted, or the light shaded from the pro- 
^^^^^ paiation by the hand, the cartilage- 

capsules are usually distinctly seen. 

9. Articular Cartill^. —Decalcify 
the head of a long bone (e.g., the femur) 
of a cat or other animal in picric acid 
or chromic and nitric acid, with the 
CMiiage. precautions indicated at p. 37. When 
it is thoroughly decalcified, make — by 
freezing — vertical sections, so as to in- 
clude the encrusting cartilage and the 
subjacent cancellous bone. Place some 
sections in 1 per cent, osmic acid for 
twenty-four hours, and stain others in 
picro-camiine. Mount examples of 
both in glycerine-jolly, as glycerine or 
L'BrtibBe. Fai.,.ajit'g solution makes the tissues 
rather too transparent. 

(«.) (L) Observe the layer of en- 
crusting cartilage fixed upon the can- 
cellated bone beneath (fig. 1 13), a 
bold, irregular, wavy line separating 
the cartilage from the bone, but the 
one dovetails into the other. In the 
cartilage notice two areas, an ujiper and 

lai^er one, with a hyaline matrix ; and 

a lower, non'ower one, witli a more 
granular matrix. The latter is the zone of calcified cartilage. A 
fine wavy delicate line indicates where the hyaliue matrix ends and 
the calcified malrtx begins. In the matrix note the cartijage-cella, 
flattened at the circumference — i.e., next the joint cavity — insmall 
groups deeper down, and in vertical rows in the substance of the 
cartilage. 

(b.) (H) Study the shape of the cells from the free or joint surface 
downwards. At the circumference they are flattened or f usiforln, and 
deeper down they arc more or less polyhedral and arranged in vertical 
rows. Some of the colls may bo somewhat shrunk within theli 
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capsules. A row of cells may be seen partly in the hyaline and 
partly in the calcified matrix. Note the finely 
granular character of tlie calcified "matrix. 

(r.) Observe the bone with its lamellse and 
bone-corpuscles, and its open meshes containing 
bone-marrow. 

10. Cartilage of Cuttlefish (H).— Mount in 
Farrant's solution a section of the cephalic car- 
tilage of a cuttlefish. The cartilage must have 
been Jiardened previously in picric acid, alcohol, 
or osmic acid. 

(n.) Stain a section in picro- carmine. Observe 
that the cells lie in groups of three or four, and I ■" 
from the periphery of the group processes are I ^ 

given off which anastomose with processes from ' _^— J 

adjoining groups of cells (fig. 114). *''°arti'i"geCe^™nhe 

Eosin and Hsmatoxyun. — Stain a section (.nrtiia«e t uwgu 
slightly with a dilute solution of eosin and after iogwo»a. *""" ""* 
wards with dilute hematoxylin. Mount in 
Farrant's solution. The matrix is reddish, and the cells and their 
processes purplish in hue. 






ADDITIONAL KXERCISF. 



11. Silver Nitmte (uid Oartilag« Hatriz (H).— Rnh & {liece of solid silver 
iiitmte npon the cartilaginous end of tlie freshly-excised retniir of a frog. 
Kipose the cartilaffe in water to aviiilight. It rapidly becomes brown. Make 
X tliin Biirfsce Bection with a razor, and mount it in Fnrrant'a solution. 

(a.) ObaervB the matrix ataiued Irown, auda large number of unstained 
spaces apparently cmi'tj. The Utt^T nre tlio cavities in which llie cells )ic, 
' ' "" " s themsrlvea nre too trausjarent to lie reailily Rpen, This picture 
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LESSON IX. 

THE FIBROCARTILAaES (WHITE AKD YELLOW). 

in. Fibro-Cartilages. 
A. WhitQ Fibro-Cartilage. 

1. iBtervertebral Disc.— Decalcify in chromic and nitric acid 
fiuid (p. 37) or picro-sulpliuric acid (24 hours) an intervertebral disc 
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(rubbit or cat). By freezing make 
disc and ita adjacent bones ; place 
rs in I ]>er cent, osmic acid, wasli tliem 
it in Fatrant's solution or glycerine- 



and its adjacent pieces of lioi 
vertical ssctions to include tli 
tlioscctions for twenty-four lio 
tlioroiighly in water, and moi 

(a.) (L) Observe tlie deealciiied bones, aiid between them the 
disc (fig. 115). The bone consists, for the most part, of cancellated 
bone, and the disc stretches between the two plates of denser bone 
which cover the ends of the vertebrffi. A thin layer of hyaline 
cartilage exists on the surface of tlie bodies of tlie vertebrte. 

(h.) The disc itself is of considerable thickness, nnd consists of 
many imrallel bundles, between wliich, and at right angles to them, 
are other bundles cut 
llW *.B / . f.' K_^ f\' 1 transversely, the fibres 

k/'(\\ S;^*D'^ '(T^- B\ ^^ adjoining bundles 

ff'£ U \Mi>^yU V^ \\ being arranged some- 

times in a zigzag 
fashion (fig. 115). In 
these bundles are carti- 
lage-cells, more numer- 
ous in the central 
bundles and fewer in 
the outer ones. In 
the centre of the disc 
may be seen a more 
l>nll>y tissue, the re- 
mains of the chorda 

(c.) Kxternally on 

both sides is a ligament 

* of connective tissue 

which passes from one vertebra to the other. It gradually shades 

into the fibres of tlie disc 

(rf.) (H) Observe the fibres, with a greater or less number of lai^ 
oval cells lying between them. The fibres can perhaps be traced 
into the matrix of the bone. 

(n.) The cells — oval and with a hyaline c^psule^ — are most numer- 
ous in the central jiart of the disc, and usually there iino difficulty 
in seeing groups of cells in the hyaline cartilage forming a thin 
coating on the bone. The bound arj--line between the disc and the 
bone is never straight, but wavy. This can readily be made out by 
tilting the mirror slightly. 

2. White Fibro-CarUlage (H).— Snip oif a small piece of the 
intervertebral disc of an ox or sheep or man, after hardening a small 
portion for a day in a saturated solution of picric acid or spirit, or 
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picro-sulphuric acid (twenty-four hours). The hardeniiig is com- 
pleted in the various strengths of alcohol. Tease it with needles 
in Farrant's solution. 

(a) Obsen'c the fibrous matrix, consisting of very fine, wavy^ 
unbranchcd fibrilfl {fig. 116), and between them oval or spherical 
nucleated cells, each one with a 
distinct tliick hyaline capsule. 
In some of the latter co entr' 
r ngs n 1 cat ng the dcpo t on of 
succe e cip ules, n aj 

(J ) Tl e b ndles of fibres run 




fibnl s unbranched The elh 
— V th th ck capsuleh — arc not 
ve J urae ou and 1 e thet 
n^lj or n gr ps of t vo or 
three bet veen the fil res 

3 Another Method —The 
cell of th s cart lage do not 
stain ver read ly but the folio Fa e F n inte rtebnii Dtac. 
ng n ethod r c good r sui car st * c^ " »mTou"i^d 

—Harden the cartilage— small ^^^ mA'7.^'-^int\ f *'"*"''"«■• 
pieces— for a day or so it» 

Kleinenberg's fluid (p. 30), and after washing the pieces free from, 
the picro-sulphuric acid, place them for several days in borax- 
carmine, and stain them on inasse. Concentrate the pigment in 
the cells by placing the pieces in acid alcohol for twenty-four hours 
(■p. 65). Sections can be mode, either by freezing or embedding in 
paralfiu. The cells are stained bright red. 

B. Yellow Pibro-Cartilage.— (i.) Harden the epiglottis of a sheep, 
dog, or cat for forty-eight hours in ab-^olutc alcohol. 

(ii.) Harden a part of the ear of a pig in a saturated solution of 
picric acid for twenty-four hours. Wash away the i)ieric acid with 
alcohol, and in the various strengths of alcohol complete the 
hardening. 

By freezing make sections of the epiglottis and ear. 

4. Epiglottis. — Stain a section in picro-cannino and mount it in 
Tarrant's solution. 

{'I.) (L) Neglecting the stratified epithelium and glands which 
are present, observe the perichondrium {fig, 117, c,/), embracing the 
mass of cartilage, and firmly adherent to the latter, which has a 
fibrous, yellow-stained matrix, studded with cells — stained rcd^ 
embedded in it. The mass of cartilage may appear to be interrupted. 
or it may even be perforated. 

(6.) (H) Observe the perichondrium, composed of connective 
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tissue, with iminoruus elastii: fibres ; the latter can be traced into, 
anJ become continuous with, the elastic fibres of the matrix (tig. 
1 1 7, e, f). The matrix consists of fine branched and anastomosing 
fibres of elasfic tissue stained yellow with picric acid. Whpre the 
hbrci are cut transversely they api>ear is jelloy dots or granules 
^ In addition to these however thure 

fi^2^—^..^ '' irfi numerous granuka of elastm 

n^ ) / \ " tt red in tl e matriiL In this 
f ^^- — "^^ r 11 1- h \ Drk n itice the n iclentcd 

cells stained red Eauh cell haa a 
(,j[ sule, but near th<, perichondrmiu 
tl py are smaller and flattened ( ) 
while in the substance of the carti 
^^k 1 f,e tl ey are larger oval or 

^E f a] 1 PTici! (r) 

'-W 5 Acid FocliBiB Method. — Stain 

^^ a fcection with a waterj solution of 

i aci 1 fuchain Wash the section for 

/. a lo g tune in absolute ilcohol and 

ni 11 1 m balsam The network la 

mtens ly red and the other parts 

I colo ired 

/ 6 Double Staining of the Epi 

glottis. — (1 ) Stain a section with 

\ icro-cjrmine and then faintly n ith 

li^wood Mo nt in balsam To 

] reserve the yellow colour of the 

fil Ills the clo\c-oil with which tl e 

s ctioii is cleared i p must be made 

\ 1 low 1 ill by lissjhing in it a little 

i(. atid. The fibres are yellow 

cells red and the nuclei 

purplish 

(11) Stain another section with 
'''"iy/oen«^n^^'ci**nJn " ° f " dilute COS n 1 £ematox} lin an 1 mount 
BiasiicBbK. ( Sppertiiai livers oi it m F IT tt solution r balsan 

BiDuller cells r Layer of larger ™^ ai ■. 1 4.1. 1 j . ■ i 

crili with eiMt t gnin lea I / Ihe cells t kc the logwooi tint and 
^rmf^""'""'" ' "' "*■ '''"'' the fil r t, tl e colo ir of eotJn 

7 Ear of Pig or Horse — Stain 
a section in picro-carmmc and mount it in Farrants solution 

(L ind H) Observe the ak n its glands and muscles 
these and note tl e perichon Irium enclosing the cirtilage \ 
charac tens tic arran^emLnt of tl e colls The cells near thesirface 
are small flattened and parallel to it, while t! ose 11 thp centre 
are lai^r and arranged across the long axis of the section. 






ES.} THE FIBRO-CAETILAGES. 

Between the tells is a matrix, whicli may ho. partly hyalino and 
partly yellow fibrotas. 

S. Transitioii of Hyiilme to Elastic Cartilage (H). ^Dissect 
out the arytenoid cartilage of an ox or sheep. Harden and pre- 
serve it in alcohol. Cut sections tkrongli the part where the 
hyaJine cartilage niergea into the elastic variety. This is quite 
visihla to the naked eye, the elastic part being more opaque and 
yellowish white in tint. Stain a section with picwM!armine, and 
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mount it in Fajrant's solution. On making a section of suoh a 
cartilage in the fresh condition, one part has the pale-bluish colour 
of hyaline cottil^o, and the other port is very faintly yellow. 

(a.) At one part observe hyaline cartilage, whose matrix 
gradually bccomea fibrous At first only a few scattered granules 
of elastiu are seen, then the hjaiinc; matrix ia traversed by elastic 
fibres, anil gradually the matrix loses its hyaline char.icter, and 
becomes distinctly fibrou'' Around each cell there is a clear area 
— hyaline — devoid of fibres (fig i rrj). 
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LESSON X. 

CONNECTIVE TISSUE. 

The group of Connective Tissues includes cartilage, ordinary 
connective tissue (with adipose tissue), adenoid or retiform tissue, 
mucous tissue, bone and dentine, (i) These all subserve more or 
less mechanical functions in the organism ; (2) they all have much 
in common in structure, i.e., they are composed of cells, and an 
intercellular matrix, but usually the development of the matrix 
exceeds that of the cells , and (3) they are all developed from the 
mesoblast of the embryo. 

OEDINAEY CONNECTIVE TISSUE. 

It consists of the following structural elements : — 

A. Structural Elements, 

vh ( White or gelatinous. 
J^iores. I Y^^j^^^, ^^ ^^^g^.^^ 

f 1. Flattened or lamellar oells, cjilled also fixed oon- 
I nective-tissue corpuscles. 

Fixed . • -{ 2. Gnnuilar cells (eosinophilous cells ?). 

I 3. Vacuolated or plasma cells of Waldeyer. 

.0 I L Clasmatocytes of Ranvier (?). 

L Migratory . Wandering cells or leucocytes. 

B. Arranyemcnt qf these ElcmciUs. 

[a.) Areolar, e.g., subcutaneous and submucous tissues. 

[b.) Bundles in parallel groups, e.g., tendon (with parallel fibres) and 

fascifB (fibres crossing at light angles). 
(c.) Fenestrated fibrous membranes, c.^., omentum. 
{d.) Compact bundles crossing in all diret^tions, e.g., skin. 

The lamellar cells are flattened or winged i)lates which lie on 
the bundles of fibrils. They have a large oval nucleus lying in a 
clear plate. 

The granular cells, or " Mastzellen " of Ehrlich, are often found 
near blood-vessels, and in the fat present in areolar tissue, in 
the submucous tissue of the intestine, and in Glisson's capsule. 
The cells are often spherical, and the granules are numerous and 
proteid in nature, and stain with aniline dyes, e.(j., eosin, hence 
the term sometimes applied to them "eosinophilous cells." 

The plasma cells were formerly confused with the foregoing, 
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b\it in the plasma cells the protoplasm ia vacuolated, and the 
vacuoles contain fluid. They sometimes have short processes. 
What the relation of the claamatocytes to these other cells may be 
ia so far not determined ; nor, indeed, do we know the relation 
between the granular and the plasma ceUs. 

Tlio migratory cells are identical with the white blood-cor- 
puacles or iyroph-coi'puscles, and may therefore be regarded as an 
adventitious element. 

Yellow or Elastic Pibrea occur in the ligamentum nucliae of 
animals (large fibres) ; lig. subflava ; stylo-hyoid ligament ; con- 
nective tissue generally ; in the walls of the air-tubes and lungs ; 
the larger blood-vessels, especially arteries ; the vocal cords and 
some ligaments of the larynx ; many oi^ans, e.g., spleen. 

1. Yellow or Elastic FibrcB— Thick Fibrea (H).— Tease oiit 
in water a fragment of the ligamentum nuchse of an ox ; cover 
and examine it. It can be mounted in FaiTant's sohition. 

(a.) Observe the broad 
fibres with a definite 
outline, yellow in colour, 
refracting the Sight 
strongly, branching and //'^ '""'1 I- -^'''^ 

anastomosing, and gome- y' '''^^^^ v/:^^^'^^^^ 

times curling at their 7t^-^^ll!Z-^5^^>^:^^w/ 

ends where they are ° '^ 

broken across (fig. rao, 

/). A small quantity 

of white fibrous tissue 

will be foimd between 

and supporting the 

fibres (/.). 

(?i.) Measure the size 
of one of the larger 
fibres. They are about 
7-8 ^ (3tW«> ii'^h) in 
diameter. 

(r.) Irrigate with acetic 
iipid. The fibres are not afl'ected, and _i 
them. They consist of the substance €" 
by acetic acid. 

Make longitudinal and tmnsverse sections of the ligamentum 
nuchfe (hardened in alcohol). Stain both in picro-carmine and 
mount in Farrant's solution. The connective tissue is thereby 
stained red, and the elastic fibres yellow. 

%. L. S.LiganieiitnmNuchBe(H). — Observetho fibres (yellowish), 
with a email amount of eoimective tissue (red) between them. The 
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fibres are broad with well-defined margins, have a feeble yellow 
tint, and are transparent. Tliey branch and anastomose, and where 
nqitured curl uji at their ends. 

3. T.S. Ligamentum NucIub of Ox (H). — Observe the polygonal 
ends of the broad fibres — yellow — and nearly as broad as, oir broader 
than, a coloured blood-corpuscle, sometimes 
single, mostly in groups of . three or more 
{Rg. izi, n)— homogeneous throughout. A 
smill amount of connective tissue (c) (re<I) 
bttween the groups. 

4. Another section may be stained with 

n watery solution of magenta and mounl«d 

m Farrants solution. The fibres are stained 

^S chtt'rf oi^*a™EiMt"c ""^d ' ut the pigment is apt to diffuse into 

KLt" ' h """^^ ''^N "i^ ^^ ^ irrant s '(ointion. 

f cu nrctive tinue cor 5 \ ^ood plan IS after hardening the 

S^'ini *^™'"''"'"""* !v mcntum nuchse in alcohol to stain it in 

"™ * *°^ borax^carmme for several days, with the 

precautions stated it j. 65 Transverse sections show the white 

libroua tissue between the elastic fibres, with its nuclei stained red 

(lif, "I ") 

6 Pine Tellow Elastic Plbrefl (H). — Harden the mesocolon or 
mescnterj f a joung ribbit in Flemming'a fluid, and stain it in 

methyl violet as directed under Lesson X. 14, 

-^~ — '.^^^2^^~"=r or stain it with m^entn, when the elastic 

~ ^ fil res are tamed red ; or with safranin after 

— hirdening in diromic acid. 

_ (a) Obser\e the network of fine elastic 

^___^ fabres Many of the fibres have a diameter 

— ^=^--~"^ equal to one sixth, or less, of that of a 

^^tri,M>'t^m\il cobured blood corpuscle (i ,1 or ju,^ inch 

M«nc Ion of luiiiL in diameter) The fibres branch and anasto- 

iilon uliuEi Quid nd t \ cur 

Bsiranin n ose and by carefully focussing, one can 

bser^ e that the fibres do not all lie in 
tie «ani pine (fig 1-2) 

7 Fenestrated Membranes ( H ) —Sometimes the elastin is so 
irranged as to form sheets or plates of elastic tissue, e.{/., in the 
1 vi^c arteries at other times tlicte are perforated with holes, and 
arr callei fenestrited elastic membranes. 

\V ith a pair of forceps tear off a little of tlie endocardium from a 
sihi'ep's heart, spread it on a slide, and treat it with caustic potash. 
Or use the l>aailar artery, slit it n\) and scrape away the outer coats, 
and use caustic potash as before. 

(([.) Oliserve near the margin of the preparation the elastic 
membrane with holes in it (lig. 123). 
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8. White Fibres of Areolar TiBBue (H).- 
laiiR'Ua from .-iii iiitermusculai' septum, or ra 
BubciitniieouB tisauf of u. mbbit 
or rat. Place it on a i!ri/ slide, 
and rnpidly spread it out into a 
thin film, but do not let it 
hecome dry, which can easily be 
avoided by breathing on the 
preparation. Tliia is known as 
the " half-drying " or " Beini- 
desiccatioii method," and is a 
very uaeful one, especially for 
sections containing much con- 
nective-tissue. Place a drop of 
uomial saline solution on the 
cover-glttss and apply it to the 
preparation. ""■"""' 

(a.) Observe the unlir,.ii.!ir.! white flbro: 
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transparent. The fibres are striated longitud.iially, and are seen to 
Ix! made up of excespively delicate fine unbranched fibrils. The 
libres vary from 6 /i to 8 fi in diameter (j^Vir-'STffff inch). They 
may be round or flattened, and are of indefinite length. Amongst 
the white libres may be seen a few fine elastic fibres (EIF), rect^- 
nised by their sharper contour, and by the fact that they branch 
and anastomose. They run l>etween, but never in the white fibres. 
It is not often that the corpuscles are visible without the action of 
special reagents. The corpuscles are best seen in young animals 
(fig. 124, Bdgz). 

(/(,) Irrigate with a 2 per cent, solution of glacial acetic acid; 
observe tliat the white fibres swell up, become clear, gelatinous, 
and homogeneous; the elastic fibres 
being unaffected, come clearly into 
view. The latter have a sharply- 
defined outline, branch and anasto- 
mose, and sometimescurlat the ends. 
The corpuscles, or at least their 
nuclei, come into view. Observe 
the oval or fusiform nuclei of the 
fij:eil cimneetife ■ tiegue earpundts 
(Udgz)^tbey may be suiTOunded 
. soft protoplasm — and 
the much smaller compound nuclei 
t of the waiidering cells or leacoei/tei 
(Lc). In the rat especially one is 
very likely to find the very granular 
micleated cells known as graiii^ 
cells. They frequently lie along 
- the course of the small blood- 
vea^els. Do not preserve this 
specimen. 
If the areolar tissue be tjtkcn fnmi the aub-arachuoid space of 
brain and treated with dilute acetic acid, the fibres lose their 




tlollj di 



.mofDog, E', E". I 



fibrillateJ stiiteture, nuclei apiicar, and the fibres tlioniselves may 
be seen to swell up here and there, while they arc constricted at 
irregular intervals by a thin fibre. Tliis is tlue to these fibres 
being partly eudiraeed by coiuiective-tissiie cells, which have long 
branches which partly encircle the libre. 

9 Fenestrated Fibrous Tissue (L I H) — H d tie 
t fig t M II H d St 1 1 w 1 

and t b I 

^ t th lb 1 1 ly It Tl 1 b I h h 

po tl f b d Ij It 1 tl I 1 

li m y be j t Ily d t. h d (fig 5 1 ) f tl ntuni 
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lying in a aeroiia cavity is covered with enilothelium. Tlie nuclei o 
thf surface are the nuclei of eiidobhelial cells, and those in the sab- 
atances of tlie tfalieciil*. litilong to I'lmiiective-tiasue ci^lla. 



^VDDITIUNAL EXEKCISKS. 

ID. Uartinotti'B Beactian for Elaatio Fibres (H). ^Harden elastic tissne, 
e.g., Ii<pini6titum lutcliii;, or an oigau cocituiuing clngtio fibres, e.g., skin, 
arWry, lung, tiBcliea, in ,2 pet cent, cliramio acid for three weeks. Cut 
BSCtJons ftnd place tbsm for twenty-foiir to forty-einht liouts in a saturated 
slcohalic solution of safraniu-O. Wnah them in acid aloolial (p. 65), and tlion 



1 absolute alcohol, 
uleaj in sylol, unt 
(a.) Allthaetni 
either purjilibli, 



1 tbe 
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, if the filire ' 
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Tliia is a most exrallont method for differeutiaUtin 
elastio fibres. The one tliiug of importanto is to 

^nite inactive. 

11. Elaatic Fibrea (ffrrxheimir a Method) — Pla i 
the sections oontainiiig elastic fibres in an nkohili 
Bolutioii of Incmatoxylm to whiLli is added a ftn 
dn>|ia of a Batiimtcd solution of litlimni carbonntL 
Stain them far a ttv minutes FIrci tliem for R\l 
to twenty seconds in tincture of jwrchlonde of iroi 
irhicb rapidly decolorises all eitei t Ihp elist: 
fibres, which reuiain bluish or blukibh Wosli m 
water and mount 111 balsam Tins metlioil ismlmii 
ably adapted for demon st rating tbe longit iilni il 
layer at elastic libiLs tn the trai.hba aitl tiruitLhi 

12. Violet-BUethod.— rutoitthe 1 ^a> ]li n 
brnne of a frog's eye, on ] i 
young riibbit, or tfio Hua| 
of a rabbit. In normal I 
tbclinm coreriiig the ni 1 1 

with violet-B (1 (.■ram 1 Luf L I jj-j I 

saline}. This staws tho clIU a 1 1 U e ,.1 l ti I is-s 
The prepnration cannot le nii nt i 111 j,ly em 
or FarrauC's solution, iis 11 l<<u dK uU a it tlie 1) 
but o strong aolntiou of common aalt iiiuj le u-^d 
(S. itajier). 

13. Areolar Ti»8UB— Permaneat Preparations, 
(i.) liy menns of a hjiioileniilc syringe {% 126) 

■ - ■ ■' 1 of sil ■ ■ 
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»)i, 



.1 the 



ral>bit. In tbih 



preparation should \te let 
ifiR. 70). iind Ihen the pit 



a of a 



'.a produced 



I slightly acidulated with fonutu 
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luts — fibrous and cellular — are uaually brought dixUtictly into 



(iLJ An excelU'tit |>lnn 



iiiterstitially, and to leave 
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B bulla sevrml liours befiiro spiiipiog oi 
it in formic gljctriiie. In this preparation Conner live -tissue fibres with con- 
Ktrictions at intervals are frequently seen. 

(iii.) A fibre may be atained with acid htematoxylin and mounted in g!j- 
trrine [ii. 69). 

14, ODsrsely Granular Celhl (" Wosfacifen " 0/ £ArJi(A). —Place part of the 
omentum of a young r.ibbit — or the fat from around the kidney of a rat or 
rahbit — in a watary solution of gentian- violet, to which a filtered watery solu- 
tion of onilioe-oil has been added. Heat the 
whole in a capsule until the vapour begins to 
rise, and allow it to cool. 

After staining for twenty-four hours, remove the 
tissue and wash it In acid alcohol until most of tbe 
blue is gone. Dehydrate it in absolute alcohol, 
clear with xylol, and mount it in xylol-balsam, 

(H) Search for a blood-vessel, and along its 
r'ourse will be found large oval cells crowded 
with numerous gmiiulea stained blue {fig. 127). 
These cells are found also a[>art from the blood- 
vessels. 

IS. Gentian- Violet and Carmine Preparation. 

— Tlie preparation may be double stained, thus : 

After washing in acid alcohol, stain the prepara- 

■ftofi' th -M "1 " f ^'°'' '" l''l>'''"i-'=ai'™'"e for a few minutes, and 

acrmflnnuiiioni n^m'Biit "g*'" e'tract with acid alcohol. Mount as before 

/ Fst cells; r.'Vein; m. iu balsam. Observe the gmaules of the cellEf, 

" Mastzellen.' blue as before, the nucleus red. All the other 

nuclei in the field are now red. 

16. Olasmatocytea. — Ranvier' has given the name clasmatocyle (KJittoua, 

fi-aginent, kittdi, cell) to cella which can be seen in thin connective- tissue niem- 

branes of vertebrates. In TVttoe cmtojus these cells may bo i mm. in length. 

Stretch a membrane, f.g.. the omentum of a manimal or mesentery ot a small 

rcplile on a slide. Fix its elements by diupping on it a drop of l per cent. 

osmic acid, and then sbiiu it with niethyl-vioIet-BBBBB (l part) dissolved 

ill distilled water {lo parts). Elxamiiie the preparation in the fluid or in 

water. Large branched cells are seen stained of 

I a bluish tint. At the extremities of the branches 

are small islniidM or granulations similarly tinted, 

and it is fur thin reason Ranvicr has given them 

IT. GeU-Spacesin AreolarTiBsne (H).— Prom 
a freshly -killed rabbit snip out a small piece of 
I the snlicntaiieoiis tissue as free from fat as pos- 
^ireiid it ii|toii a dr}/ sliilv, and drop on it 
. from a pi^iettc a half |vr cent, solution of silver 
nitrate. Allow Ihc silver to lU^t for ten to twelve 
minutes, remove it, cover the film with glycerine 
andexpose it to light. It rapidly becomesbroitn. It is lietler to use con- 
n<-ctivv-tissue from a calf, but the layer used must not be too thin. 

(a. ) If successful, note a brownish ground— the cement snletancu — and in it 
clear bruuchcd spacofi correajKinding in shape to the fixed connective- tissue cor- 
puscles. Tliese are tbe cell-^ipiu'es (fig. 128). 

» CompUa SeJidua, vol, 110, p. 165, 1890, 




iiC— Cell-Space) 



. Sllter nitrate. 



XI.] TEKDON. 

18. FeriiEMphage&l Hembmne of Frog.— To RanvEei' we one on 
ledge of the value of tLU membrane. Theceaopha^iiaisaun'oiinded hja 
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a hook. Thia membrane is covered 

e connective-ti&ane 
clasniatooyteii, i 

nerves. Treat it as described in 16, to see the ctaanistocvtes. By the name pro- 
crss the noii-mi4ulUt«d. nerve fibres and elastic fibri-s will &1ao be stained. 



LESSON XI. 
TENDON. 

Tendon is composed of lekite Jilireg arranged lon},'itudmnlly and 
parallel to each other The fibrea are arninged iii bimiUes, the 
tenrion tmndlen, which are held together by a t/iea/h and g^la of 
connective-tiseue. Tlie fibres ire united to 
oach other by a cement mcbuCance, and on 
the primary bundles of the fibres arc placed 
the tmdoTi rel/s which vary m their shipo 
and airangiment in different tendons It 
ia supplied by few blood vessels and c in 
tains only a few elastic fibres 

Tendon. — Harden a smoll tendon of t 
man, calf, doi>, or cat, in Mullcrs iliiiil 
alcohol bichromate of potash, and cim 
plete the hardening m alcohol Byfreiy 
ing, mate transverse and longitudinal sec- 
tions, or use the eelloidin method. Tendons 
Minnot be cut after being embedded in 
jioraflin, they become too hard. 

1. T.S. Tendon (L). — (a.) Stain a sec- 
tion in picro-camiine, and mount it in ^ ,.,„„t„™ • mufi, 
Farrant's solution. Observe the sheath tendon for teucinn-iieiiKi 
(fi^. 129, «), composed of connective tissue Uioflbres', x^™ '" " 
arranged circularly, sending Bepta (I) into 

the substance of the tendon, tliiis bri'aking it up into polygiiniil 
areas of different sizes, wliieli are filled by the cut ends of the 
longitudinally-arranged fibres. 

' ConyiUs Jttmlui, vol. Ill, p. 803, 1890. 
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{!>.) TIio branchiiig atcUato spaces, iDterfascicnlar spaces {fig 
129, r), between the fascicvili or bundles of fibres. If these spaces 
c-ontniu air, they ajipear somewhat dark. Tliesc spaces can n^ily 
be seen as branclied dark spaces if a transverse section is made^ 
by means of a knife, not a razor — of a small tendon dried at the 
ordinary temperature. 

(c.) (H) Observe tlie cut ends of the fibres (l), which appear 

almost homogeneous, but amongst them here and there may bo 

seen a feiv dot^, wbii:h are the tmnsverse sections of elastic fibres, 

V.Z and the branched tendon- 

spaces (c), some of them 

1 ' I I "[ with a nucleated branched 

il I i\- ' I 1 !' 2, L.S. Tendon.— stain 

j I rij' I i I la section with logwood, and 

\\\l ' \ I ! mount it in balsam. (H) 

1^, , I I Observe the longitudiniU 

,|' . I 1 fT'^ngement of the fihrex, 

''\\ I , I ] I *'"^ between them rows of 

.] I 1 ^ ' f"sifo''ni tendon -eellg, or 

' 'i ' I rather the long fusiform 

;,!' I I 1', nuclei of the tendon cells 

1^'. I I arranged between the 

jp,* I 1 fibres. Tlie other parts of 

||' tlie cell become too trans- 

li,' l>!ircnt to be seen (fig. 130). 

■' , Sometimes a L.S. of one of 

1 I tliu septa may be seen. 

i',;' 3. FibrilB in Tendon 

ji I (H). — Macerate a tendon 

, |i' I fi-om the tail of a rat for 

I I twenty-four hours in a satu- 
[ '1 . ..iili'lUlliir.'J rated solution of picric acid, 

Fia in„_i,s \\i,iiu\nT<:ii.\an(TiMni:miitKVf) •"■ f"' 3-4 hours in baryta 
"si. r.u»a uf liu^Lci ui itiidgii-tuiis. water. Tease a small part, 

and e.-tamine it first in 
water. Mount it m FaiTaut's solution. Tliis is apt, however, to 
render tlie fibrils too tnuisijarent. Perhaps a better method is to 
place the fine tendons for twenty-four liours in equal parts of 
I per cent, osmio acid and i jwr cent, silver nitrate. Mount a 
ieaseA preparation in Fairant's Golution. 

(a) Oljserve the isoktcd jUirilx (mJ,jir inch in diameter), exces- 
sively fine, wavy, and unbranchcd (tig. 131). 

4. Tendon of Bat {I3')ll Chloride Melhod).—Yi{\\ a rat, cut off 
its tail, forcibly rupture the tail, when a long leash of fine wiiite 
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glistening threads or tendons will be obtained Prepare the 
tendons by one of the gold chloride methods One of the beat 
methods is the lemon juice mctliod of Banvier (p 79), but the 
boiled formic acid and gold method also 
yields excellent results It is to be re 
membcred that it i& not necessary to uw 
gold chloride to demonstrate the tendon 
cells ; this can be done by hiemato'^vl^n 

With regard to the action of gold 
chloride, my experience leads me to 
believe, that in order to see the rows of 
tendon-cells with their later<d protoplasm 
expajisiona, the lemonjuice method is 
very good ; while the old acetic acid 
method, makes the fibres less swollen up, 
and on teasing thej iie readily isolated, 
thus enabling one to see cells eith 
singly or in rows tlasping tlipm Not un i 
frequently isolated tendon-cells are to be 
seen in the field of thS microscope. 

Tease a small part of the gold tendon in Tarrant's solution. 

(a.) (H) The fibres are swollen up and transparent, and lying on 
them are rows of tendon^cells (fig. 132, b, b) stained of a violet 
tint. Each cell is somewhat oIiIoiih wifli a distinct nucleus, and 
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lieai-s a flattened wing-shaped expansion {fig. 133). Along the colls 
is usually to he seen a stripe or ridge {fig, 133), produced by the 
cells being compressed between several adjoining fibres. This ridge 
may be seen to be int'.'rvupted in some of the cells. The nuclei of 
the adjacent cells may be seen to be close together. 
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(b.) If a side view of tlie cells is obtained (fig. 132, a), thoy 
partially clasp the fibre, but never envelope it completely ; in this 
respect these cells differ from endothelium. 

5. T.S. of Gold Tendon <H).— Remove the skin from the tail of 
a young rat, cut out a piece of the tail a quarter of an inch in 
length with its tendons, and subject it to the gold chloride process 
(p. 79). When, after reduction, it has become purple or brownish, 
decalcify the hone, harden it in alcohol, and make transverse 
sections. Mount one in balsam. 

(a.) Many tissues will be seen, including muscle, nerve, fat, and 
bone. Neglecting these, observe the small rounded areas at the 
circumference, the transverse sections of the small tendons, each 
surrounded by ite own sheath of connective tissue (fig. 134, (). In 
each observe the branched stellate spaces (fig. 134, c), frequently 
anastomosing with each other. These interfesciciilar spaces are 




purplish in colour ; they contiiin the- tendon-cells, and also a 
purplish deposit due to the gold cliloriJe acting on the lymph which 
they contain in the fresli condition. 

6. Endothelial Sheath of Tendon (L and H) —Silver a leash of 
the fine tendons from the tail of a rat. Mount a short length of 
one of them in Ijalsam. 

(1.) Observe the tendon made up of jKirallel fibres, and note on 
their surface a single layer of endothelium. The squomes are large, 
polygonal, and ma]>i*d out by "silver lines," but no nuclei are 
visible. 

7. Fresh Tendons and Acid Logwood (H). — Place three or four 
tendons (rat's) 1 J inch long, on a diy slide, and fix their ends with 
paraffin, so as to keep them extended. Make a solution of acid 
logwood by adding one part of 1 per cent, glacial acetic acid to 
three parts of li^wood solution. This solution is red. Place a 
drop of it on a cover-glass, and lay it on the tendons. The acid 
brings into view rows of narrow, granular, nucleated cells between 
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the fibres of the tendon, while at the same time the logwood stains 
tlicm. Inetead of acid logwood use picro-carmine or acid hBBina- 
toxylin (p. 69). Displace the dye with water and mount in 
glycerine. "Die tendons are purposely taken longer than the 
breadth of the cover-glass, so that they may remain stretched, 

8. Fr^h Tendon. — On a black Buiface, tease in normal saline a 
small piece of any tendon of a calf. Observe the fibres and fibrils, 
but no cells are visible. Irrigate the preparation with a per tent. 
»cetic acid. Tlie mass becomes clear and transparent to the naked 
eye, and now under tiie microscope one sees the fuaifnrm nucleated 
cells singly or in line in order between the swoUen-up fibres. Tlie 
preparation may be stained with magenta, which brings into clearer 
view tlio cells, and any elastic fibres present. 



ADDITIONAL EXERCLSK8. 

9. 'teoioaol'Ba.t(Do^icr» Method). — Veiy good preparations ara nbtained 
by plaining tha Iresi tendons for aevural days— thu longer the bettor— in 
Orunuchera alum-eanniaB (p. 65). This fluid staim but slowly. The celk, 
howcvirr, are stained, and if a tendon be teaeed, isalntfld cells, and iwlls on the 
tibna are easily seen. It is a good method for showing the relatious of the 
cells to the nbreB. 

10. T.B. Tftil of Bat {Corrosive Svilimale and Sm-/tr-CamaTu).—B.tTderi 
short lengths of the Uil of a rat, the akin being first removed, in corroHi™ 
flublimate for tliree hours or so. Remove every tiai^ of the mercuric salt 
by jirolonsBd washing in alcohol. Stain the ^ssue in bulk in borux-ciir- 
mine, anf "then deoilcify it in liilnto hydrochlorio acid. Mako transverMi 
ivctioTis, Bfter embedding it by the intentitial method in paratHn. Sections 
inav also be made by freezing, but tbey are apt 
to 'fall iwunder. Thia method also yttlds 
iHraiiUfuI ijreiianitionH, com|>arabIe to those by 
llin gnld chloriiiD methods. Tbe transverse 1 
ai-L'(ioii!i nf the tendons aro very charucleriHtic 

11. DriedBat'sTendons.— Awryeoiivenient 
mi-tbod is to dry the tendons of a rat's tail, 
keeping tliem extended ilurin); the process. 
After drying, they onn tben be used at any I 
time. By outing on tbem with dilute Bcetie 
acid they awell up slowly, anr) tbe rows of cells ' 
are thereby rBveated. The cells— itfter Hashing 
BWay the a<»tic ttoid— can bo stained with picro- 
cnrmine, and the preparation mounted in dilute 
glycerine. | 

12. CeU-Spaces (Saft-CaiUIIehea) in Central ,,,3 ,,6.-CeU.ap»ce. in the ou- 
Tendon (Si/vcr Method). — Vlivx the central iral Tendon ot the Mnplirsgni 
tendon or the whole diaphragm for five minutes of Kabblt. I lifrnphatio ; .. 
in a 1 ppr cent, silver nitrate. Remove it. and Cell-spaoea Stiver nitrate. 
Willi a camel's-hsir pencil hrnah both Burtaceg 

of the tendon ta remove the endothelium. Replace it in the silver solution 
for fifteen minutas. Remove it ; wash it in mater, and exjioBe it to light to 
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reduce the silver. One piece may be mounted in balsam ; another piece should 
be stained with acid logwood or picro-lithium carmine (in this case use dilute 
hydrochloric acid), and mounted in balsam. 

(a.) Observe a large number of clear, branched anastomosing spaces, sur- 
rounded by brown areas of ground-substance. The former are the cell-spaces 
and Sa/t'Candldicn, or juice-canals, and some of the latter may be seen to 
communicate with the lympliatics (fig. 136). 

(h.) In the stained specimen, stained nuclei are seen in the spaces, i.e., the 
nuclei of the cells which occupy these spaces. 

13. Cell-Spaces {Iron SulpJmte Method). — Using the fresh central tendon of 
the diaphragm of a mouse or guinea-pig or rat, place it for a few minutes in i per 
cent, sulphate of iron. Pencil away the surface endothelium, and leave it in 
the iron solution for five to seven minutes. Remove it, wash it, and place it 
in I per cent, ferricyaniile of potash, in which it becomes blue. Mount it in 
Farrant's solution or balsam. In this preparation the cell-spaces and juice- 
canals are again clear, but the ground-substance is blue. 

14. Cell-Spaces in Rat's Tendon. — The fine tendons are i)laced in silver 
nitrate (J per cent. ) for two minutes, and then the epithelium is brushed off 
by a camel's-hair pencil. Five or six sweeps of the brush usually suffice. The 
tendons are stained for other ten minutes in silver, washed, and exposed to 
light in alcohol. Rows of clear, somewhat quadrangular spaces in a brownish 
matrix are obtained. 



LESSON XII. 

ADIPOSE, MUCOUS, AND ADENOID TISSUES- 
PIGMENT CELLS. 

ADIPOSE TISSUE (FATTY TISSUE). 

Adipose Tissue. — A fat-cell consists of a membrane enclosing a 
globule of oil, which pushes the oval flattened nticleiis (surrounded 
by a small amount of protoplasm) to one side, so that it lies close 
under the cell- wall. Size, 40 /a to 80 /x (f¥TJ"~¥^ inch). 

Fat-cells are arranged in groups, which form lobules, and these 
again form lobes. Each lobule has an afferent artery, one or two 
efferent veins, and a dense network of capillames between the fat- 
cells, each capillary surrounding one or more fat-cells. 

It is to be remembered that cells in connective tissue containing 
fat may have a two-fold origin. Fat may be formed in ordinary 
connective-tissue cells, but there are other cells of a connective- 
tissue nature, which seem to be more specifically fat-cells. During 
development tliis tissue is formed at certain parts, e.g., in the groin, 
axilla, and neck, and presents a grayish-yellow appearance in the 
form of lobules, surrounded hy connective-tissue — readily seen 
in a young animal. The cells at first contain granules. The 
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(a.) Observe the collapsed membrane of the fat-cells, with a small 
oval blue-stained nucleus immediately under the cell-wall, A small 
quantity of protoplasm surrounding the nucleus may be visible. 

4. Or harden a small piece of the omentum of a rat or other 
animal in absolute alcohol. Select a piece which contains some fat. 
Stain it for twenty minutes in lithium-carmino, then place it in neid 
alcohol (i per cent, hydrochloric acid in 70 per cent, alcohol) ; 
pLice it in absolute alcohol ; clear it up with clove-oil or xylol, and 
mount in Canada balsam. 

(a.) Observe the envelopes of the fat-cells and the nuclei of the 
fat-cells, the latter stained bright red (fig. 139). Other red-stained 
niiclei are visible, but they are the nuclei of blood-capillaries between 
the fat-cells. 

5. Hargarine Crystals (H),— Place a small piece of fat for forty- 
eiftbt hoTirs in glycerine. Tease a piece in Farrant'a solution. 

(nA Notice the large colls some of them with granular contents, 




othci's with a stellate arrangement of needle-shaped crystals of 
margarine (figs. i37and 140). If the star of crystals — really palmitic 
and stearic acids — bo broken up, then the needle-shaped crystals are 
distributed throughout the cell. 

6. Blood-Vessels of Adipose Tissue (L and H). — Make a rather 
thick section of a mass of adipose tissue in which the blood-vessels 
have been injected. This can be done by injecting the blood-vessels 
of a rabbit with a carmine-gelatine mass. As the fat is very soft, the 
best method of obtaining such sections is to saturate the tissue with 
paraffin and cut it in paraffin. Mount sections— not too thin — in 
balsam. A section which lias been saturated with paraffin and cut 
in this substance must have the paraffin removed by soaking in 
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turpentine or xylol, which diasolves out the paraffin ; the section ia 
afterwards mounted in balsam. 

(L) Observe the very vascular small lolmhs, conijiosoil of fat-cells. 
To each lobule there passes one artery, and from it emei^e one or 

(H) Observe the loop of capillaries round each fa^cell or around 
several fat-cells. 

7. Development of Fat-Cells — These maj be studied in the 
subcutaneous tissue of a newly born rat, or in the omentum of a 
newly-born ralibit Stain a small 
piece of any of these tissues in osmic 
acid. 

(a.) (L) Ob'ierve the fatrcclla m 
groups surrounded by connectne , 
ti.isue. I , 

(i.) (H) Obwr\e theshajcof the 
cells, with small globules of oil — ' * 
black — scattered throu^jhout tlie V~\^ i "b 
protoplasm, the nueieus pushed to ^"Js^^^i, ^ fSfr (^ 
one side in the more dev( loped fatty ^*^J)j;^ ^j~r'>^s=^ 

cells by a globule of oil, which is \=5- 

stained black (figs. 138, 141) Piq 141 — DeveloplnR Fut-Crlls from 

8. Atrophic Pat-Cells —These are i''Jtiii'''o"mi"™'id. '^''■™ "' ' 
readily obtained from the yellow 

bone-marrow of an old person who li i* died from some wasting 
disease, or from the sub-pencardial fat of t person who has died 
from phthisis 

(H) Observe the envelope of the fat-cell, now no longer completely 
filled with fat, but containing a little protoplasm and some serous 
fluid. 

9. Injection Uethod, — By means of a hypodermic syringe, inject 
under the skin of a dog or cat silver nitrate (i in 1000), which 
causes a local cedema anil isolates the elements of the areolar tissue, 
including the faf-ccUs {Eamrkr). 

UTTCOnS TISSUE. 

HacoaB TisBne. — In the embryo it exists under the skiu ; it 
formsWhartoii's jelly of the umbilical cord, and in the adult it forms 
tbc vitreous humour. It is essentially au embryonic tissue, 

10. Mucous TlSBUe (H).— Harden the umbilical cord of a three- 
months foetus in JIUller's fluid and then in alcohol Jfnke trnns- 
vcrse sections by freezing, and stain them in picro-carniino or 
lieematoxyliii or gentian- violet. Jlouiit in Fiirrant's solution. 

(a.) Observe the largo, brniielii'il, griinnliir, nucleated cells, which 
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anufitonioac with each othor. Between the cells ia a fluid which 
contains iiniciii, and according to the stiige of development of the cord, 
tliere is n greater or leas uumher of fibres. The older the cord, the 
more the fibres increase in num- 
ber, and its characters approach 
those of ordinary connective- 
tissue. A better view of the 
finer processes is obtained by 
examining the tissue in normal 
saline (fig. 142), 




>( Fcetm. MiillsT'i fluid and togwood, > 



ADENOn) TISSUB. 

Adenoid, Betiform, or Re- 
ticular Tissue consists of a re- 
ticulum or network of fine fibrils, 
which run in all directions, 
forming a meshwork in several 
planes. Some regard it as made 
up of branched corpuscles, the processes of which anastomose. 
In the meshes are leucocytes or lymph-cells, which usually occur 
in such numbers as to obscure fclic presence of the fine meshwork 
in which they lie. 

It is very widely distributed, e.'j., in lymphatic glands, simple 
and compound, tonsils, solitary glands, and Peyer's glands ; in the 
bronchial, pharyngeal, nasal, intestinal mucous membrane, spleen, 
thymus, and a few otlier situations. 

11. Adenoid Tissue of Lymphatic Glands. — This may be pre- 
pared in several ways. 

(i.) Harden an al>domtnal lymphatic gland of a calf or kitten for 
two weeks in Jlulier's fluid. Make sections, and shake up one in a 
test-tu!je with some water ; this dislodges the lyniph corpuscles, and 
in pliLces leaves the fine reticulum visible. 

(ii.) A better plan is to inject into a fresh lymph gland a J ]jer 
cent, solution of osniic acid, or J per cent, solution of silver nitrate. 
In cither case an cedcma is produced which separates the parts and 
reveals the network. The injection is made by means of a hypo- 
dermic syringe (fig. i a6). The syringe is filled with tlie solution, and 
the sharp nozzle is thrust into the gland, and the contents of the 
syringe rapiilly injected haphazard into the organ. It pmsses in, and 
forms, as it were, an oedema, and separates, and at the same time 
hardens, the constituent parts of the organ. This is the method of 
interstitial injection, one which is frequently employed. 

(iii.) The gland may be hardened for twenty-four hours in picric 
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acid, and the sections stained wilh eosin-hieniatdxylin and mouiiteil 
in balsam. 

(H) Observe some parts crowded witli lymph tor]iuacles, but where 
these are wanting, note the very fine network of fibres, with nuclei 
here arid there at the points of inteirsection (fig. 143). 

The lymph corpuscles may lie g«t rid of by applying to a fresh 
preparation a dilute soliitioti of caustic potash which dissolves them. 

12. Pigment-Cells and Guanin-Cells. — These may be studicil 
by pinning out on a frog-board one- of the woba between the toea of 
a frog (Lesson XIX. 11, e). 

(•I.) (Land H) Observe large, braiidn-d, corpuscles loaded with 
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black granules of melanin (fig. 144, B), also smaller black spots, 
which are cells with their processes retracted, Every intermediate 
iitage between these two states may be seen. 

A permanent pfeparation is readily made by stripping off the skiii 
fruni the web of the too of a dead frog, hardeiiing it in alcohol, and 
niountiug in balsnnL The web should he fixed in un extended 
position before it is placed in the alcohol. 

In such a prcj>aration, not only will ]iignienlKiclls be found, hut 
gnanin-cells also, ('.*., small oval cells filled with white refractive 
j,Tanu!es of guanin (fig. 144, G). To see the guanin-cells turn olf 
the light reflection from the mirror, when the granules in the giionin- 
Cf-lls will appear bright and refractile on a black ground. 

For pigmented connoctivG-tissue corpuscles from t!ie choroid, s 
Lesson on Eye. 
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ADDITIONAL EXERCISE. 

13. Mucous Tiasne. — Many branched cells are seen in a T.S. of the tail of a 
tadpole, young triton, or salamander, hardened in i per cent, osmic acid and 
cut in paraffin. 

It is also to be found under the skin of the flanks in frogs at the breeding 
seiison. It gives good preparations when stained with methyl-yioIet-5 B 
(S. Mayer), 



LESSON XIIL 

BONE, OSSBODTS TISSUE, &c. 

The essential elements of osseous tissue, of which bone consists, 
are a calcified fibrous matrix or ground-substance, with cells or 
hoiie-anyuscles embedded in it; the latter are lodged in spaces 
called lacunce. A bone, however, is a complex organ. The follow- 
ing scheme may facilitate the comprehension of its minute 
structure : — 

BONE. 

In a longitudinal section of a long bone, observe with the naked 
eye — 

Periosteum covering the bone. 

Compact or dense bone, the substantia dura (with Haversian 

canals). 
Cancellated or spongy bone, the substantia spongiosa (with 

Haversian spaces and cancelli). , , 

Medullary cavity with marrow. 

Histologically dry compact bone shows — 
[Peripheric or circumferential. 
J- jj I Haversian or concentric. 
ame ce- intejjne^jiary, interstitial or ground, 
[Perimedullary. 

Sharpey's perforating fibres | ^^jj^^^ 



Haversian System. 



Dry hone. 
Haversian canal . 
laraellse 



j> 



Lacunae 
Canaliculi 



{ 



Recent hone. 

Blood-vessels, connective tissue, 
lymphatics, osteoblasts. 

Between the lamellae, branched 
bone-corpuscles. 

Processes of bone-corpuscles 
and lymph. 

Lymph. 
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I. External layer, fibrous, with the largt-r biooil- 
veasels. 
Perioslewn ■ s. Iiitcnial ot osteogenic liijer, witli finer LIooil- 
vessels, numerous elastic fibres, mid ivlni- 
bladu, and sonietimea odcocLasU. 
Osteoelaetn or myeloplaxea of Eobin. 
Blood-vessels, nerves, and lymphatics. 

. Endoclioudml in cartilage. 

. lutva-nieuibranous or periostea!. 



Lkvflopmmt i 



1. T.S. of Dense or Compact 
Bone. — It ia better to buy a jire- 
[liiri'd tritnsverse SBctioii o{ the 
f^liaft of 3 small, dry, long bone. 
Jii it most of the smaller sjmees, 
bring filled with air, appear 

(a.) (L) Observe Oie mednllary 
cavity, bounded by a ting of bono, 
less dense internally. 

(6.) Sections of tubes wltich 
aii|ieiii' round, or oval — Haver- 
sian canals— surrounded by con- 
centric lameUsQ (fig. 145, <■), and 
lietween these lamcllte are lacnuse 
(e), with fine channels passing 
from them^the canallculi. Some 
lamellae are arranged parallel to 
the circumference of the bone — 
the peripheric (a) — while others 
of larger radius are incomplete, 
and jammed in between the 
Ilavcreian system ; they are inter- 
mediaiy (■/). Around the medul- 
lary canal are the perimcdullary 
lamelljs (/-). 

{(-.) (H) Observe the shape of 
the lacume — fluttened branched 
spaces — with their numerous 
wavy branching eunoliculi, and 
how adjoining canaliuuH anasto- 
mose by traversing the lamellie ^'°- 
(figs. 145, 147, e). At the outer 
piirt of each Haversian syBtcm, 
some of tiie canuliculi of the 
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imtcrraost row of lacuna will be found to form loops and open into 
tlio laciinro from wliicli tliey arose : these are recurrent cajialiculi 
(fig. 147, a). Tlie canalicular system is for the distribution of 
lymph to all the parts of the calcified fibrous matrix. Notice also 
that the intermediary lamellffl are parts of circles with a much 
larger radiua than those 
of the Haversian system. 
Each. Haversian canal, 
with its system of lamcl^ 
lee, lacuna;, and cannli- 
culi, forms a Haversian 
SystenL The greatest 
diameter of the lacuna; is 
about 14 (1 (t^Vs ii'^lO- 

(d.) The iamellGB in a 
Haversian system on 
transverse section appear 
as thin concentric bauds, 
a clear transparent one 
alternating with one which 
looks more granular. 
These are not due to 
different kinds of lamellae, 
but in the clear ones one 
" ^'^ looks upon the long axis 

posing the lamella, and in the others upon tho 
ends of the fibrils. 

2. L.S. of Dense Bone, prepared in the same way. 
(a.) (L) Observe Haversian canals running chiefly in the long 
axis of the section, with here and there oblique, short, junction 
canals. Near the surfaces some open externally, and others com- 
municate with the medullary cavity. The lamelte of any Haver- 
sian system run parallel to its own Haversian canal. In the 
system of canals — each ao-ioo /t wide — the canals frequently 
divide dichotomously, and ultimately form a network in the com- 
])act bony substance. 

(6.) If the section be near the surface of the bone, so as to 
include the peripheric lamellse, canals for blood-vessels, perforating 
the lamellffl and not surrounded by laraellie as in the Haversian 
systems, may bo seen. They are called Volkmann's canals, and 
contain the perforating vessels. They are connecteil with the 
Haversian canals jjroper. They are well seen in sections of tJio 
fnmiir of a guinea-pig, but, unlike Haversian canals, they are not 
surrounded by Haversian or concentric lamellse. 

(c.) (H) Observe the flattened oval laeuuffl with their caualiculi ; 
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r arrangement, as well as that of tlie laiueilffi (fig. i 
canal be viewed carefully many fine dota will lio seen in it. ' These 
ure thu o])eninga of the cnnnliculi. 

3. T.E. Decalcified Shaft of a Bone.— Thu kme, eut into short 
lengths, inust lie tlemkifii;!.! iu piOTc acid or iihrtimic and nitric 



fluid, with the precautiotn 
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soft— aacettaineJ by pricking it with a pin — it is hardened in 
alcohol in the usual way. Sections are best made by freezing. 

(i.) Stain a section in piero-cannine and mount it in glycurino- 
jelly. Glycerine or Farrant'a solution tends to niuke thy preiiam- 
tion rather too transpatent, 

(ii.) Place soiue sections in i per cent, oanjic acid fot twenty-four 
buurs and mount them in glycerine-jelly. 

(a.) (L) Obserra the periosteum (fiy. 149), oniliniciny and 
ailherent to the bone. In the Ijono itself Uiu lacunw, and specially 
tbc canaliculi, are no longer black, and are not so visibk' as in tlio 
uon-d(MHi!cified bone. Each lacuna contains a highly refractive, 
branched, nucleated, and stabled corpuscle. 

Bone-Corpuscles.— (.Ibaerve tlieir arrangement following tbat uf 
17 M 
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the lamellfB, but the latter are not so distinct as in dry bone. 
Several lamellfe He between two consecutive row3 of bone-corpuseles. 
The Haversian canala contain blood-vessels, connective tissue, and 
other ceUs, or osteobUstB. 

(b.) (H) The periosteum consists of an external layer stained 
red, and composed chiefly of white fibrous tissue. Atta(;hed to it 
may be found small fragments of striped muscle. The internal 
layer contains many elastic fibres, and, especially in young bones, 
there may be seen one Inyer or more of flattened or cubi^ cells, 




called OBteoblasts (fig. 156, e). The latter may be seen not only 
under the periosteum, but also passing along with blood-vessels into 
the Haversian canals. 

Fibres may be seen passing from the deep surface of the perios- 
teum into the bone^the perforating fibres of Sharpey. 

(f..) Observe the lameUee, but their outline is not very distinct, 
while the canaliculi will not be "distinctly visible, being indicated 
by fine lines travetsing the laiaelliB. The bone COrpOBcIes are 
nucleated refractive cells, each lying in a lacuna. In such a 
]»reparation, one cannot make out that they send processes into the 
canaliculi. 

{(l.) Select a large Haversian canal and study its contents. Note 
the presence of an artery and vein with very thin walls, and the 
cavity lined by osteoblasts (fig. 150, Obi.), and the remainder filled 
up with medullary tissue. 

4. Ferforating Fibres. — (i.) From a membrane bone of the 
skull {e.g., the parietal or frontal bone, which has been softened 
in 2 per cent, hydrochloric acid or in v. Ebner's fluid (p. 37) 
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and from which the atid has been remo\ed by steeping in water 

and subsequently in spmt) with for eps r move the penosteum and 

tear off a thin lamella of ,)|,| 

osseous tisauo Place its f,,^) ^ 

undet-siurface uppermost on ' 

a slide in water or v 

Ebner a fluid 

(H) Obsen e hne tapenng 
fihrea like nails — perforat 
ing fibres — projecting from 
the surface Some aper 
tures luaj be found from 
which correspon ling fibres 
have been withdrawn 

(ii.) These are far better , 
developed in the bones of 
the skull of birds Soften 
the vault of the skull of a 
fowl in V Ebncrs flind and harden in alco! d1 Make not too thin 
sections, and with needles tear the lamellie asunder Examine it 
in V. Ebner s fluid Or make sections of a human frontal bone 
softened m dilute hjdroLhliric aud and examine it lu water 

(H) ^uml^ou3 perforating fibres passing between the separated 
lameljje and it may be the sotkcts from wbii'h they have 1 een 
withdrawn will be seen (fi^, 
151). In some of the sections 
branched perforating fibres are 
visible The important point 
is to mike the stctions is 
nearly as possible parallel k 
the course of the filres The 
preparation is apt to be made 
too transparent by Farrants . 
solution so that the fibres arc 
not so distinctly seen in tin i"" 5 -'^1 umej a p tu 1 gt \,-^ 

medium as in water or v. 

Ebner's fluid. Observe that there are no Sharpey s fibres in the 
Haversian systems. 

5. Blood-Vessels of Bone (L). — These are not easily injected. 
Inject with a fluid carmine mass (p. Sy) the posterioi half of 
the body of a rabbit. Do tbia from tht, ilMlomin d aorta. Or use 
theinjection fluid mentioned at p. 181 It requires considerable 
pressure to cause the injection to travcrsi, the blood 1 esseU of bone. 
Therefore clamp the inferior vena cava to prevent the exit of the 
ii^ection mass. Decalcify the injected bone, and afterwards make 
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T.S. and L.S. The sections, however, must not be too thin, L.S. 
are tlie most instructive, and are mounted in glycerine-jelly. 

(o.) Observe that the blood- 
PBVBVB B vosscis lie in the Haversian 

canals, and foUow the arrange- 
ment of the latter (fig. 152). 
If the marrow of the bone be 
preserved, fine blood-vessels 
may be seen in it. Perhaps 
"perforating vessels" lying in 
Volkmann'a canals may Ije 
noticed, especially in transverse 
sections. 

6. Canoellftted Bone (L and 
H).— In the vertical section of 
tlic head of a long hone showing 
articular cartilage a view of the 
open lattice- work will be ob- 
tained (Lesson XIV. 3). Or a 
T.S. may be made across the 
head of a long bone, e.g., a 
femur, preferably of a young 
mimal Stain a section m 
heenntoxylin, picro carmine or 
tosm logwood, and mount it in 
un B Bonei iioodv^Bs>,is „lj cenne jellj 

('( ) (L) Note the network of 
i trabcculiB (fi„ 153) boundinj, the spaces 01 cancelll. In 
their walls ire osteoblasts In 
the centre of some of the 
trabecule may be seen a 
deeper stained irregular bar 
the tcmatns of calcified carti 
lige (fig 153, GC) On the 
cakified (,'irtilaj,e is dejjosited 
oaseous tlaSUt 

(6) (H) In each trabeculn 
noti tin. hhrous matrix and 
tlie bone-Lorpuscka In the 
interior of some of the tra 
beciilse the remains of un 
absorbed tjicitied cartilage 
Note also liow the osseous 
tissue with s|ih(rical bulgings advances upon the calcified cartilaga 
Jiy caiaSaM) shading the light, it will be seen that a more or leaa 
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Bpherical mass of os'seous tissue surrounJa, and in fatt is formed 1 y 
each bone-corpuscle (fig I34) Thprp m thua sj-honcal masses — 
cell-territories, as it were 

— and in the centre of uc 

each a l)one-corpus<,le ,j^;^ 

7. Pibrillar Structure - . ^ ^fc-Sl^i, 

of LameUiB (H)— De ^ 

calcify a bone in v Ebner s ^ '' 

fluid (10-15 p*i"<-eiit. sodit, 

chloride and 1-3 per cent Jr^^i ^^r -=»^ '''^ 

hydrochloric acid) Either -j .^•i^ 

this Huid or that gi\en at '^ 

p. 17 may be used Scrape no 54— smaiiPortorrM ijj x™. cc CBiemisi 

ec IV- 1 — 11 J tartitage B Bone O OateohUit BC Bono 

oflt a thm lamella and corpnsciei 
examine it in water 

(H) Observe the bbros of which it ton'iists The\ arc com 
jioscd of fibrils arranged in bundhs Tlit\ are licst soeri near 
the edge. Fibres in different plmes cross eich other at a right 
or obtuse anglj 



ADDITIOIJAL EXERCISES. 

8. Btood-Venels of Bono.— These mny be injected from the descending 
aorta of a rabhit with n saturated and filtered watery solution of Briicke's 
Berlin blue. Ono mnst remember that the injection olten fails. Inject from 
the abdominal anrta, after a time using pretty high pressure. It ia well 
to liptture tlie inferior vena onvo after some injeetion has flowed from it. 
Decsieify the bone in chromic add. The sections may be stained with very 
dilute fuchsia. 

9. Decaldfled Boae.— Make a T.S. of dense 1>one-ratIiern thick section - 
steep it in alcohol, transfer it to a slide, and mount jt in glycerine-jelly, or in 
a morsel of dry Canaria halsam. In the latter case the sTi^e must be heati'd 
to melt tlie balsam. Examine it at once, when the lacunie and canalicnli vrill 
be aeen black on a clear gi-ound. Thc>y slill contain air, hence their black 
appeamnce. Gradually, howcvir, the jelly jieuetrateB into the canalicular 
system, and Ihia i-haracteristic ajipeni'ance vanishes, but it is an iristnictive 
oxeicise for studonta to pcrrorni this experiment. Afterwards the lamellre 
remain quite distinct in the preimralion, thi're are also faint indications of tlie 
can.iliculi. 

10. Bone in Polftrised Light.— Examine a non-decalciiicd trniisvei'se section 
of the sh.nft of .1 long bono in i-)lariBed liglit (Lesson XVI. 16], Wlien the 
Kicils are crossed, each Haversian system has a bright cj'osk un a dark jiri-ouiid, 
nhile the lamellie are alternately bright and dark. Tlio crosses aic also seen 
in dcialciHed bone, bo that they are produced hy the organio bafis or ossein 
of tlie bone. 
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LESSON XIV. 
BONE AND ITS DEVELOPMENT, 



BoNH is developed dtlnir iu conii ti n mlUi irtilage or membrane. 
The former is called endochondral iuni the latter intramem- 
branous ossificatioii. Wltli tlio evi ( ption of i part nf the skull — ! 
itfl aidoa and vault^ — -and nnarlj all the fjria! honps, all tbo boiiea 
arc. laid down in liyidiiio cartil igf 

I. Development of Bone— T a of Foetal Bone — Itocalrify the 
shaft r,f the. fomiir or otiiiii' loii^- hont ' j ih-^ radius and nlua. 




of a newly-born kitten in pitric acid (p. 37). Mnko transver 
sections, and Btain them with picro-carmine. Mount one 
Farrant's solution. 

(a.) (L) Observe the periosteiun (Kg. 156, a, h), composwl f 
ternally of conneetivo tissue, with fusiform corpuaeles stained K 
Under this, one or more laytT.s of cubical or somewhat f1»tl»ne 
nurlcati'd cells, osteoblasts {[■). They piias into and line tho HaT( 
sian Bpaces, thus reaching the cancelli and ucdullury caviL}', '' 
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they also line, so that every spicule or surface of young bone la 
covered by them From them the bone corpuscles are formed 

(6.) The osseous tissue is stained red, and forms an anastomosing 
series of trabecvl<E bounding large spaces — ^HaverBian spaces^ 
containing blood vessels and mirrow and lined by osteoblasts 
Processes from the trabeculje project into the deeper layer of the 
periosteum. At this stage a concentric arrangement of the lamcUte 
leading to the formation of Haversian systims has not }et taken 
place. In the bone matrix, the bone corpuscles (/) irregular, re 
tractive, nucleated cells each lying in a lacuna 

(c.) (H) Under the periosteum and in the spaces may be seen 
laivcr multinucleated cells. 

OsteoclaBts or Myeloplaiea (fig ig6 h) —The cells are much 
larger than the osteoblasts, con 
tain many nuclei, and he in little 
depressions of the bone eroded 
by themselves. These duires 
sions are called Howsnip'B 
lacume. These cells are con 
cerned in the removal of bone 

2. lotra-Oartilagmous For 
mation of Bone (L and H) — 
Decalcify in picnc ai.id the pha 
laiigeal bones of a fourmonth^! 
fcQtus. Make longitudinal vcr 
tical sections, stain in picro- 
carmine, and mount in Farrants 
solution. 

(a.) (L) At the hiad of the 
bone observe a mass of hyaline 
C^rti^^gs (% 157) ="id lower 
down bone, and wheie the two e 
margin, the line of ossification 

{b.) Tlie cartilage at the upper jiart is 
small, and arranged singly or 111 „roups 1 
cartilage-capsules are beginning to be airnn, 
this are larger carti]age-ca]«u]os with clcirt 
what refractive matnx betwetn them 

(c.) Under this the liiic of oasiln ation with its fi stooned 
niai^rin, arc spicules of calcified cartilage pi-ssiii^ dounuanK 
t-.nvards the medullary cavity In the bony iwrt tin pmnary 
medullary spaces with tlieir o'(t<.olilaat» bhioiUehsds osttotlasts, 
and the newly formed bone dipa*it<d on the caliihid cirtilage 

(d.) The first oonc is fornii il uiidir till ptnostiiim (ti^ 157) by 
means of the subperiosteal obteobU ts. As these osteoblasts 




;(— T1 FiDtal none nt KJUcD a,b 

dperHclAl and dtcp lajen of poriu 
luni e Layers of isteublosls with 



e coiitiiuioui a; 



n irregular festooned 

.line, with the tills 
;< deeper down the 
in rows, and licluw 
intents, and a bomc 
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Iwcomo embeiMoil in tlio bone matrix they become bone-corpusclep. 
This piece of Imnc is [lerf orated hy blo<>d-ve38el8, which pass into 
the primiiry niednlliiry R[incc3 in the hoUowed-out cartilage. 

(e.) (H) Kxamine the several parts. Search for an osteoclast 
lying in a little cavity — Howship'B lacuna— and notice that while 
the niar^nns of the trabecule, covered by recently-formed hone, 
are stained of n deep red colour by the carmine, no such red stain 




EiilaiSQd cartlls'! 



Fill, 157,— Donr>-i>slDi.ir Lo K ud na ■^ n h Si 1 PbaUniof thcHi 



ia seen where the osteoclast is embcilded. It, in fact, is eroding 
or eating away hone. 

3. Epiphysis and Epiphysial Cartilage (H and L). — ^Mnke 
longitudinal vcrticjii sections of a yoimg rabbit's femur or tibia 
Ut show th(^ cpi]iliysial cartilage. Stain it in picro-carmine and 
iiionnt in glyccrini'- jelly ; ni', hotter still, double stnin it in hfflma- 
toxylin and picrtM'iiriiiiiu; or hipmatoxylin and cosin. In the last 
case tlie cartilage will lie blue, the rest red or cojiper-red. The 
method of double stiiiiiiig is |-)articularly valuable for the study 
of hone development. 

(«.) (L) OWrve the tliin layer of encrustii^ cartilage on the 
Jicad of the bone (fig. 158, C). and lunler it the cancellated bono 
of the head of the tibia. This cartih^ is continuoiis below 
with— 

(h.) A broad layer of cartilage between what is to be the head 



smaller 
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of the bone— the epiphysig (^— and the fut re shaft or d j hys s 
of the bone (D) 

(c ) In the cp phjs al cart la^c (EC) the ert cal row of cart 
la e-cells emallcr above d larger and more quadr lateral 1>elow 
{hg 58 and Ig 159 C) 

( / ) Tl e shaft w th longitud al spaces ~tl pninary medal 
laiy spacea (fg 158 jtfA)— bounded h> trab culie of <.lcfiel 
c rt I g [lartlj covered hy hone (fi 59 TI e j ee on 
t-i n y ^, n an- V 

( ) (H) Studj spc ally th ells of tl ] lly al 
(*■» 59 ^ ^n*! notce that the cells i 1 capsule or 
nbo c nd larger below— zone of enlarged cart la^c caiwul 
of the enlarged cart lag 
capsules of the lowest ro v 
may be seen open ng nto 
tl e 1 nn ary n edullary 
p a The 1 ne of ter 
n nat on of tl pin 8] aces 
illcd tic / e 0/ sfi a 
I o The bone g ow^ 
len tl bj tl e ] rol ferat on 
of the ei pi ys al cart la^ 

(/ ) Boun 1 ng the i 
n ir> med Ilary spac 
directive tiabeculEe of cal 
c Red cart la^e (/ ) w tl a 
lepo t of bonj n atter on 
tiem \ote s|h ally tie 
osteoblasts (; ) ] rt ally em 
bedded n tl e osseou'? matter vl 1 tl j tl 1 •» se r tc or 

f rm "\\ he thev become en bed led tl os, on i roducta 
of tl c r o at ty they are then c lie I bone-corpaecles ^ote 
Iso tl at the Imno on the ca t Inge is Im 1 1 I v o v 1 urfaccs 
vhch ft nto orrni)fnl „ le|nB.ons tl tl On 

tl o 1 rge trabe uIjb n y l»e fo I ost o lasts 1 ^ 1 ttle 

vt s— HowBfaips lacunie- II tl y 1 e rodetl Tic 
paces then selv s are fill I th re I row ( ) an I blood 

vessels (v) 

4. Intra-HembranouB FormatioD of Bone (H and L).— Take the 
parietal bone of a fcetus when the pariebil bone is only pirtially 
iissifictl ; scrape olf the perioateiuu from a jiart near the jwriphery 
of the ossifiwi part ; stain in picro-carminc anil mount in Fiir- 
rjnts solution. 

(a.) Observe at one part the hbrous matrix, and sliootinf,' from 
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it calcified fibres of connective tissue, these covered with osteo- 
hlasta (fig. i6o). 
* Marrow of Bone. — It fills 

the medullary cavity of long 
bones, the cancelli of spongy 
bone, and it occurs in some of 
the larger Haversian canals. 
There are two varieties, yellow 
and red, the difference in 
colour being due to the former 
containing a lat^e amount of 
fat-cells. 

Yellow marrow occurs in 
the medullary cavity or canal 
and the lai^er cancelli of long 
bones. Besides a small amount 
of connective tissue and blood- 
vessels, it consists principally of 
fat-ccUs. 

Bed marrow (H) occurs in 
the spongy tissue at the ends of 
long bones, in the short bones 

Fra. i;q.-l.s. Head citaMetacflrpsiBone oi of the hands and feet, flat 
'. ,^h '^'■■^„*''^B "'""""i;™?- ^Pip",);- bones of the skull, epiphyses of 

«ial-«irtilac« . O- Bone ; o. Itow o( tarll- ,' , "^ '^..■' , 

■ - 1... — ■— '■louiiBi m. long bones, clavicle, ribs, and 
:J^^hc- i'l *■!»*' medullary canal of the 
eiiiiieddea long bonos of Some animals, e.g., 
' ' giiinea-pig, rat, rabbit It con- 
sists of delicate connective 
tissue with blood- vessels and numerous cells of several varieties, 
(i.) Medullary or Marrow Cells (fig. i6i, a, b, c),— They are 
the most numerous, and are 
nucleated cells, hot unlike 
large leucocytes. They arc 
spherical, with finely granular 
protoplasm and a spherical 
]iale nucleus. Somettnios 
tlicy contain two nuclei. 
lilxamined quite fresh in 
serum, no nucleus is visible, 
hut it is revealed by the 
action of acetic acid or 
dilute alcohol. The proto- 
higliiy nifr.Lctilu granules, 
granules. There is also a smaller 
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variety of corpuscle. They 
proper conditions. 

(z.) Cells with Budding Hucle 
but eusily distinguished, are larg 
a single large, often twisted, nu 
it were composite, in others it 
parts united by some 
substance like the nuc 
leus itself There is 
very great var ety in the 
shape of those nuclei 
whicli are \ sible in the 
fresh con litton of the 
coll. These cells are <l 
nut rtn (eboid (fig i6 
>., i). 

(3.) UjreloplaxeB — 
Tlieso are larger than 
the foregoing consisting Fin 6 — 1« B«d mmto 

of a finely granular J^% m™ ^ 1. ^« u""™ 

protoplasm with numer hoi a Af di w lanpi is 

«,.= «„»ln, Cfi^ ,*;■ ™i wlthb il ing axes 300 

oils nuclei (Eg. 101, m). 

What relation there is between (2) and (3), or if there is any relation 

at nil, is entirely unknown. 

(4.) There are to be found cells smaller than but not unlike (i), 
with a homogeneous protoplasm which has a i-eddish tint and a 
spherical nucleus. Some of tliem have a small bud at the side 
(fig. i5i, / g). They are regarded as cells from which coloured 
blood-corpuscles are formed. They are regarded by Hizzozero as 
similar to the nucleated red blood-eorpuacles of the embryo, 

(5.) Always a few fat cells. 

(6.) Numerous red blood-corpuscles from the blood-vessels in the 
red marrow. 

(7.) Sometimes osteoblasts may be detached along with the other 
constituents of the marrow. 

Lay open a rib or a long bono of a guinea-pig or rabbit ; remove 
a little of the red marrow and diffuse it in blood-serum or noniml 
saline. Witli a high power search for examples of each of the 
Torching kinds of cells. The vertebra of a calf may be u.sed, and 
from it the red marrow is readily expressed by squeezing it in a 

The nuclei in some of the cells are best revealed by the action of 
dilute alcohol. 

5. Bed Harrow. — (i.) Squeeze out some of the red marrow from 
a rib of a guiuca-pig or rat ; shake it in a test-tube containing 
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normal saline tinged with methyl-green, aldehyd-green, or aniline- 
green. Tlie marrow will fall as a precipitate. Examine a little of 
this in normal saline. Stain some in picro-carmine, and mount in 
dilute glycerine. 

(H) Observe the various forms of marrow and other cells met 
with, the nuclei tinged red. The large myeloplaxes with numerous 
nuclei have their protoplasm green and the nuclei red. The fat-cells 
are quite green. 

(ii.) Place some of the red marrow for 12-24 hours in dilute 
alcoholj mount and stain the cells with picro-carmine. In this way 
the nuclei of all the cells are stained red, their protoplasm yellowish, 
while nucleoli are revealed. 

(iii.) Harden some of the red marrow in Hayem's fluid for 
twenty-four hours. Wash the deposit, stain (picro-carmine) an<l 
mount a little in glycerine. This is a good hardening medium for 
this purpose ; the red blood-corpuscles can be readily distinguished, 
while the nuflei in all the cells are distinct. 

6. T.S. Red Marrow. — Small pieces of the ribs of a young 
rabbit are placed in the following fluid for one day : — 

Sotlic sulphate . . . 2.5 grams. 

Mercuric chloride . 0.25 ,, 

Water ..... 500 cc. 

Rinse in water, and transfer to picric acid to decalcify the bone. 
The tissue can then be soaked in gum, then hardened in alcohol 
and sections cut. Sections may be stained with eosin and logwood. 
The eosin stains any cells containing haemoglobin of a reddish-orange 
tint. 



ADDITIONAL EXERCISES. 

7. Cover-Glass Preparation of Red Marrow (H). — As described for bloocjl, 
get a thin layer of red marrow on a cover-glass and stain it for twentv-four 
hours in Biondi's fluid (p. 140). Dry cover-glass preparations may also be 
stained with metliylene-blue, eosin-h<Tmatoxylin. or methyl-green. Mount 
the cover in xylol-balsam. If desired, clear it up with oil of cloves in which 
a little eosin is dissolved, and remove the clove-oil by xylol. This method 
yields excellent preparations. 

8. Squeeze on a slide a little of the red marrow from the rib of a young 
rabbit. Squeeze a little between two cover-glasses to pet in a thin film, and 
expoj^e thi* latter for a minute or two to the vapour of osmic acid. Stain it 
with picro-carmine and mount it in glycerine. 
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LESSON XV. 
MUSCULAR TISSUE. 

Muscle histologically occurs in two varieties — (i.) Non-striped; 
(2.) Striped. Non-striped muscles are involuntary, while striped 
muscles, as a rule, are voluntary ; but the heart-muscle is an 
exception, for though striped it is involuntary. 

Non-Striped (smooth, involuntary). Occurs in the outer coats 
of the lower half of oesophagus ; muscular coat and muscularis 
mucosae of stomach and intestines ; villi ; ureter, bladder, and 
urethra ; pelvis and capsule of kidney ; trachea (trachealis muscle) ; 
bronchi ; oviduct ; uterus ; iris, ciliary muscle ; erector pili muscles 
of skin, sweat glands ; coats of blood- and lymph- vessels ; capsule 
and trabeculsB (lymphatics, spleen), and ducts of some glands, sali- 
vary, bile- ducts, <fec. 

It consists of nucleated elongated fusiform contractile cells, held 
together by a clear cement. The cells taper towards their extremities, 
and although they appear homogeneous in reality they seem to consist 
of longitudinally arranged fibrils held together by a sarcoplasm, or at 
least a transparent material. The nucleus is oval or rod-shaped. 
Some state that the cells have an elastic sheath. Each cell is from 
4 to JO /i. (^p^-^3»^ inch) in breadth and 40-200 ^ (g^-^.J^ 
inch) in length. 

1. Non-Striped Muscle (H). — Place thin stri])s of the muscular 
coat of the intestine for forty-eight hours in a 2 5 per cent, solution 
of nitric acid, which softens the connective tissue and renders the 
tissue yellow. Wash it thoroughly in water. Tease a small part 
in glycerine or Farrant's solution. Or macerate a small piece of 
intestine in ^ per cent, bichromate of potash for 48 hours. Cells 
can then be reiidily isolated. 

(a.) Select an isolated libre. It is spindle-shaped, elongated, or 
fusiform, tapering to both ends, and in its centre there is an oval 
nucleus, distinguished by its being rather more refractive than the 
rest of the cell (fig. 162). At the poles of the nucleus there may 
Ik*, a few granules. 

It is very difficult to stain these cells after the action of nitric 
acid, but this may T>e done with magenta, provided the nitric acid 
bo entirely washed out of the tissue beforehand. Each cell is said 
to have a sheath, but that cannot be seen in fibres prepared in this 
way. 
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2. HoBcle-Cells from the Frog's Bladder (L and H). — Distend 

the frog's bladder with dilute alcohol thus. Transfix the skin on 
each side of the anus with two pins, and tie round them a thread so 
;s to occlude the anus ; open the abdomen, 
make a slit into the large intestine, clear out 
y residues it may contain, and inject dilute 
alcohol through the intestine into the blad- 
der. When the latter is full, ligature it at 
the neck, and suspend it for twenty-four 
hours in a lai^e quantity of dilute alcohol. 
Then open the bladder, and with a camel's- 
hair brush pencil away all the lining epi- 
thelium. Stain a portion of the bladder in 
logwood and mount it in balsam, or stain 
in picro-carmine and mount it in Farrant's 
solution. 

(a.) Observe the thin membrane, traversed 

in every direction by thicker or thinner tra- 

beculse of smooth muscle (fig 163, a) The 

.„. — .^..~.-.. smuuth tnbeeulBe consist of numerous long fusiform 

Muscular Fibres Nitric nucleated cells {r) — the nuclei, long, narrow, 

' " '™" and oval Some of the ceils are tnradiate 

(/i) These are what & Majer has called atypical celk Oval nuclei 

with blunter ends are seen in the fibrous covenng of the bladder (d) 

They are the nuclei of eonnectn e tissue cells 

3 T 8 Nod Striped Huscle 
(H) —This IS obtamed by niak 
111" tranaver'ie sections of the 
I irtular muscular coit of the 
In^ll intestine (cit), previously 
liirdened 111 chromic oeid and 
]iirit, or lluller's fluid Stain 
1 siction m Jiiem itoxyhn and 

la) Obsene polygonal areas 
if unequal ■^zf, mipped out 
f orn each othei by a refractive 
(it^ 164) cement substance 
I liidi area corresponds to the 
trjnsvei-sc section of a hbre 
Some of the nreis contain a 
nucleus (?;), others not Sur 
rounding groups of thest areas are fine septa of connects e tissue 
(»), which map out the fasciculi or bundles of clUs The libres are 
ananged in bundles or faaoiculi, each surrounded by an envelope of 




— Bhdder of Frog n Lirt 
mooth miucle b InraQial 
form rnnn-le ceila rf Nucl. 
lie ttesUL curpiiscles. 
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connective tissae. The fasciculi are large or small according to the 
uumber of Abrea entering into their composition. 

(b.) In sonie preparations one can see intercellular bridges between 
adjacent cells, like thoeo that occur in Equamims epithelium. 

4. L.S. of Non-Striped Muscle (H).— This may be obtained by 
making a longitudinal section of 
the longitudinal coat of the in- 
testine, but it is better to strip 
off a thin lamella of this coat from 
the intestine of a rabbit hardened 
in spirit or Miillor's fluid. Stain 
in liiematoxylin and mount in 
balsam. 

(«.) Observe the oval fusiform 
nuclei (fig. 1 64, m) lying in narrow 
fusiform areas — the cells. Tlie 
boundary*Iines between the cells 
are usually not well defined. 1 

5. Cement Substance of Non- 
Striped Muscle (H).— With dis- ^S™ d™ 
tilled water wash out the contents 
of the small intestine of a freahly-killed rabbit, or the large intes- 
tine of a frog. Tie one end of the gut, and fill it with .5 per cent. 
Eolutiou of silver nitrate, and tic the other end of the gut. Suspend 
the whole in J per cent, solution of silver nitrate for ten minutes 
or so Slit up the gut along the hue of 
attachnicnt of the mesenterj Wo^h it 
in water and cx[K)sc it to light It soon 
hf comes brown Lay it on a gl is'< 1 Ijle, 
mucous surface uppermost, and with a 
scal|>cl scrape away all the mucous and 
submucous coat, which is very easilj 
done, especially if the uitestino has bien 
macerated for about twenty four hours in 
water There remain onlj the muscuhr 
and thin serous coats Harden in alco- 
hol Snip out a jueee, dehydrate com 
pletely in absolute alcohol, and mount in Fio iS; — Ccmeiit Sui stance < t 

((I ) Observe the nairow elongated 
fusiform areas bounded by silver lines (fig 165) , tin y indn. ite the 
outline of the fusiform cells On focussing iipw irda iiid down 
ward*, notice the longitudinal lud eircuUr direction of the fibres 
crossing each otter In this preparation aUo nianj Ijmphatic 
paths lined by smuous epithelium may he it en Thej arc rccog 
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nised by the dilatattoos in their course, and hj the character of the 
onilothelial cells lining them. By focussing deeply, the silver lines 
of the endothelium of the serous membrane may be seen. 

6, Uethylene-BIue Method (S. Maijer). — Into the blood-vessels 
of a cat^e.jr., front the aorta — inject the follo\ring solution : — 

MethyleTie-bluo(S. Mayer's)' .... i gram. 

Normal salina 300 ec 

After an hour or so, open the abdomen ; tlie intestines a]>pear 
blue ; cut out a portion of the muscular coat and place it in the 
following mixture : — 

Picro-Glycerine ICixture. 

SuturateJ watery solution ammonium picrat* 100 cc. 

GljoBrioe 



On teasing a small i>iece of the muscular coat in the same mixture, 
isolated muscle cells are readily found, the nucleus being stained of 
a faint rosy-pink. 



ADDITIONAL EXERCISES. 

7 Fibrillar Plexus in Hnscle Cells [H) —kill a newt open its ibdomen 
and pin out its mtestmo and mesentery on a thin piece of cork with a bole m 
it corresponding to the mcsetitery Place it for 
% '^ f tuenCy four hours id a 5 per cunt solution of itni 

I "^^si^ " moiimni clironiaW After this wash away all the 

f {\ I cliromatp stain a piece of the mesentirv m logwood 

^ '^T aniui unt It 111 balsam 

{a ) In the msmhrana observe narrow strands of 

lion stnped muscle composed of veiy lar.je fusiform 

cells In the large nuclei a plexus ot fibrils « Inle a 

^ leash of lliiB fibrils will Ixi seen in the perinuclear part 

stretchin^ fr im the ; oles of the nucl us to the ends ot 

the t bre 

8 Fibnla in Smooth Hnscle Tliei^ may be seen 

^ foL 1 'ihirt tunc ly macerating STiiall pieces of thr 

stomach of a frot, fir tweiit) lour houis m dil(il« 

f,„ , T s 3 tl " °'"*^ °' '" ^ '° 1*"^ '^'"'* "^ ^"'^"' "'''"'■"^^ {hitrid 

I Isolated Smooth Muscle-Cells. —To get these 

4 juilIiI) maceiate a small [1 ce of the muscular 

t ot the stoniath intestine 01 bluddei in 33 ]>er 
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10. Grooving on Smooth MoBcnlar Fibres . — Harden the muscular coat of 
the small intestine of a cat in chromic and bichromate fluid or in Flemming's 
fluid. Stain and cut sections in paraffin. ( H ) Observe the polygonal areas, 
but note that fine intercellular bridges connect adjacent cells (fig. 166). 
The surface of each cell seems to be grooved with canals, but what these canals 
contain is not known. In each cell the cut ends of fine fibrils are seen. 



LESSON XVI. 
STRIPED OR STRIATED MUSCLE. 

Striped Muscle — sometimes called voluntary or skeletal muscle 
— occurs in the muscles of the skeleton, pharynx, upper half of 
the oesophagus, diaphragm, the sphincter of the bladder, external 
anal sphincter, and the muscles of the outer and middle ear. 
The muscular fibres of the heart are also striped, but they are 
involuntary. 

A Muscular Fibre is cylindrical in form, and tapers at its 
extremities. They vary in breadth from 10 to 50 /x (^jVit'Thif 
inch), but they are broadest in the muscles of the extremities. 
The fibres are i to i J inches in length. 

A muscular fibre consists of the following parts : — 

(i.) Sarcolemma, or sheath. 

(2.) Sarcous substance, which is transversely striated. 

?3.) Muscle-corpuscles. 

1. The Sarcolemma (H). — (i.) To avoid the effect of the con- 
tractility of the muscle, kill a frog several hours before it is 
required. Dissect out the sartorius muscle, because it is com- 
posed of parallel fibres. Tear off a thin strip, and with needles 
tease it in distilled water. 

(a.) Observe the cylindrical shape of the fibres, marked trans- 
versely by alternate light and dim stripes. Run the eye along 
the edge of a fibre, ancl perhaps a clear, transparent Ijulla or blob 
will be seen. If so, it is the sarcolemma raised from the subjacent 
sarcous substance by water diffusing into the fibre (fig. 167, A). 

(/>.) The sarcolemma is a clear, transparent, colourless, homo- 
geneous elastic membrane, forming a tubular sheath for the sarcous 
substance. It is allied to, but not identical with, elastic tissue. 
It is much tougher and less easily ruptured than the sarcous sub- 
stance which it contains. 

(ii.) A much better plan is the following : — Tease out a few 
18 N 
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freali muscular fibres »u a slide in normal saline and across the 
direction of tho lihres place a hair Cmer and press the cover-glass 
down firmly on tlio fabrcs Ilie hur nipturLS the sarcous sub- 
stance wliicli r(.lru.ts and IctVLS tlio tougher unbroken earcolemma 
between tho ends of the ruptured fibre Remove the bair, and 
tlie now emptj sarcolemm'k will be seen (fig 167 C) 

(ill ) Another excellent method is to leave the muscle in a 
saturated solution of ammonium carbonate 




Raptured fibre wjui b 
acid OP ■ muicle'flbre 

1 raised for long distances from some of the fibres, with a 
little of tho sarcoglia sometimes adhering here and there to its 
imder-siirfacc. 

2. Uuscle-Corpuscles, or Nuclei (H). — Tease a piece of a fresh 
frog's muscle, and irrigate it with 2 per cent, acetic acid. I have 
oft«n found the nuclei beautifully stained in a piece of muscle that 
has been in ammonium carbonate and then in picro-carmina 

(a.) Observe the sarcous substance becoming swollen up and 
more homogeneous, wbile a number of fusiform, somewhat shrivelled 
or shrunken nuclei, with their long axis in the long axis of the 
fibre, come distinctly into view. They are now slightly moro 
refractive than the altered sarcotis substance, hence they arc seen 
with greater distinctness. Focus carefully, and note that these 
nuclei lie not only under the sarcolemnia, but also in the substance 
of the fibres. Had a nianinialiun muscle been used instead of one 
from an amphibian — in tho case of most muscles — the nuclei would 
liavo been found directly under the sarcolemma only. The presence 
of the nuclei is merely revealed b3' the action of the acid, which 
alters the refractive index of the sarcous substance, and thus brings 
the nuclei into view (fig. 167, D). Sometimes faint longitudinal 
striation is exhibited by such a fibre. 

3. iBol&ted UoBCular Fibres. — (i.) Pith a fn^, and plunge it in 
a beaker of water at 55° C. Leave it in the water, and allow the 



1 tho following mixture, 
e must be :;rystal8 
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water to cool gradually (Ranvier). It will now lie found that the 
fibres of any muscle can be dissociated witli great case ; the muscles 
to be preserved in 70 pet cent, alcohol until they are required. 
By careful manipulation very long fibres may be isolated from tlie 
sartorius. These muscular fibres exhibit tho ordinary characters 
of etripcd muscle. This is by far the easiest method of obtaining 
isolated fibres. 

(ii.) Place small pieces of a fresh muscle ii 
Nitric acid saturated with potaesic chlorate. 
of the latter in the fluid, 'llie tube or 
vessel is speedily filled with yellow 
nitrous fumes. It is usually advised 
to leave the muscle several liours in 
this fluid. I find, however, if this bo 
done, that the muscle is dissolved. 
Half an hour ia usually siifficieiit. 
Wi [ h gloss rods remove the now 
softened orange-coloured muscle, and 
]>la<'.B it in water. It becomes whitish. 
Shake it in a tube with water. The 
fibres fall asunder quite readily, and 
after having all the acid removed by , 
jirolonged washing, they can be stained ' 
and mounted. 

i. Fibrillffi of a Muscular Fibre 
(H). —Place a frog's or mammars 
muscle in water (two hours), and afier- 
warUs in dilute alcohol for twenty-four ( 
hours. Tease a small fragment of the 
now softened muacio in glycerine, or 
tease a fresh muscle of a calf in white 
of egg. If a fibre be split up, bundles 
of fibrils may be seen as in fig. 168. ' 

Select a fibre, and note that at its white ot etrs.iui.i aiinwingiKi- 
frc* end it splits up longitudinally into " ' "" '"'"' " '> " «»■ 
a lai^ number of very fine fibnls or flbrillie, each of which is 
tr.insversely striated like the original muscular fibre. JIuch larger 
fibrils are obtained from the muscles of insects, e.g., Ilydrojihilus or 
Dyti8cus(fig. 171). 

5, Uuscle-DiBcs (H).— The usual directions for obtaining thi-se 
arc to place dead muscle for several days in dilute {.2 percent.) 
hydrochloric acid. Tho muscular filu-e then cleaves transversely. 
I have not found this to be a very satisfactory method. A much 
better jilan ia to place small pieces of the inusclo in a saturated 
solution of ammonium eiirbonale for several hours. 
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(o.) Not only wili tlie sarcolemma be seen, but inside it, here 
and there, the aarcous substance will l)e seen cleft 
transversely into discs (tig, 167, E). 

6. Eodii^ of MuBcle in Tendon,— This is readily 
seen by tnking the lower end of the sartorius witli 
its tendon from a frog treated as Jn Lesson XVI. 3, 
(i.), and which has been afterwards placed in 70 per 
cent, alcohol. Tease out the muscular fibres, when 
their conical ends will be seen ending abruptly, and 
the small tendons beginning as abruptly (fig. 169). 

7. Crab's Uuscle (Sarcous Substance) (H). — 
Plunge the living muscles of a crab^or better still, 
use a stag-beetle — into absolute alcohol for twenty- 
four bom's. Stain a fragment in dilute eosin-hmma- 
toxyliit, and mount it in Tarrant's solution or balsam. 
In the latter case the clarifying reagent must contain 
a little cosin to restore the eosin colour to the pre- 
via. 160. — Rein- (a.) Observe the fibre striped as in x 

T"^oito iiuM™ ''n- ^7"' ^^^^ alternate light and 
UrKbre.theUt- dim discB, thc (/i'ni (/un» (u) stained 
alTe'niiina^lon. of n logwood tint, while the light 

discs arc of a faint eosin tint. 
(/'.) In the light disc (h) observe a fine line or 
■ ts of dots ninning transversely, sometimes called 
Dobie's Ime or intermediate 
line (figs 170, b, 171, e), 
dnidingthe lijjht disc into 
two equal parts, these ad 
hcnng to the ends of the 
dim disc Thoj are then 
called lateral discs 

(c ) The dim disc nioy 

exhibit shght vertical stria 

tion, indicating a tendency 

"^^fl to cica%e longitudinally If 

^1 trans\cpj0 cleavage be as 

sociatod with simultanious 

Til I ^M luuicr Fire of longitudmal cleaiage, small 

iiTSiB*ana' Ei'ten<ipd''''a! ' elements " are obtained, 

Dim aiM * iiRiit disc winch i> ere called "sarcouB 

line" n™imcieu"Meii iu elements" by Bowman 

Ewifjtdce^x "w^'' '" '" (''•) ^»cl^' ^"-y "^ seen. 

^"' A similar preparation of 

an insect's muscle may be stained in picro-carmine. 




r 
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as, if possible, tn isolate a filiril. Mount in formic gly 





Dim: /,. Ligtit Uripet. 

disc is staiued red (liy. 170, a), and if the fibre be stretebbd 



Pl 



®c^ ^^--^ 





tbedetail&of its structure can be better seen, ea]H:i:iaUy if a very 
liigli objective be used (fig. 171). 



Ic,8 I'lUCncAL IIlSTtiLOGY. 

8. T.S. of MuBcle.—Mukctranavei'ae sections of a small i: 
lian niuar.le which lias ^Kcn kept stretched and hardened in 0.5 ]>erV 
cent, chromic itcid and afterwards in alcohol, Stain one in logrcoodi'l 
and mount it in Canada halsam. 

(a.) (L) Observe the Bheath of connective tisane or perimysimal 
snrroundinf! the whole imiscle, and that from it sejita jiass between I 
{groups or fasciculi of the muecle-fibrcs, luiil id^o :i small amount 4 
between the iiiuEcle-lihres, forming the endomyBium (6gs. 
»74)- , 

The ends of the muscidnr Filirea aomewhat polygonal or rounded, J 
with staiiicil nuclei (one, two, or three) immediately imder thaJ 
>(arculemmn In amphibian muit.les (hf; 174, A) ami in 1 feir | 
mammalian muscles ( ^ _ 
the semi tendinoaus of' 
the rabbit, nuclei also < 
ocLur 'Mithm the 3.ircoits 
aiibataiiLe 

(h) (H) The ends of' 
the fibres appear finely 
lotted with clear inter 
spaces the dots Lorra- 
8po^dlng with the ends 
of the hundlea of fil rils 
jT muscle priBnifi or 
earcoBtylea while the 
dear ircos are due to 
what IS called sarci^lUL 
9. L. S. Injected 
MuBcle (L). — Make a 
longitudinal section of > 
an iojected muscle, 
^lataUcl to the direction 
of its fibres. It ia better 
to inject the wholi 
the posterior half of the 
" body, e.'j., of a rabbit, 
from the aorta. The 
preparation made for injected bone will yield injected muscK 
Mount it in balsam. 

(ft.) Observe the elongated ^juudcilateral mealies of capillaries 
between the nutaculat fibrep, but outside the sarcolemma, and that 
capillariea ran between the fibres with short transverse connecting 
branches. Trace their origin from an artery and their termination 
in a vein (fi^. 175). 

10, T.S, Injected Muscle. — Mount, L'ithor strahie.l oi' unstrained, 




I 
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ill hnlsnni. la lh.iB Oie cut eiida of the ctipllliiricti betwi^en the; 
bbres will be SRen (figs. 176, 177). 

It is lo bo noted that there is a liifl'erence lu the T.S of con- 
tracted and uncoiitraftL'd musclija ^Spatlc/ujh). Beautiful fignrcs 
ate giv.Mi in.' 

11. L.S. Red Muscle of Rabbit Injected (L).— Ubc the seiiii- 
tcndinosiis or solcus of a rabbit. Tlii.s sliows the same geiicriil 
arrangement of the blood- vessels, but some of the transverse 
bRiiichea uud some of the veins have sinatl dilatations or amimllK 
ujioti theni, while the capillaries are usually more tortuous than 
those of tlic [lalu niusck's, 

CARDIAC UUSCLB. 

12. — Harden small pieces of the heart in so per cent, nitric 
acid (forty-eight lioura), or a per cent, potassiu bir.liromate or 
amnioniuiu chroinatc for tbirty-six to forty-eigbt hours. Twise a 
BUiall ])iece in Farrniit's aolutiim. Small pieces of muscle cardiac 
placed fresh in piero-carmine for several days show the structure 
well when mounted in glycerine. 



8 

1^ 



JfCted jr Mua I^ 
st(ai|iuuieai 

(a.) Oliserve the faintly transvcrseiy -striated fibres made up of 
short quadrilateral pieces with short oblique processes, which join 
other muscular fibres. The muscle-cella branch and anastomose. 
A rnthec indistinct lino of clear cement joins the ends of adjacent 

(6.) There is no sareolcmmn, but a well-defined nui;leus lies in 
tlio substance of the fibre, while the transverse striation is much less 
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distinct than in skeletal muscles (fig. 178). In a transverse section 
of a cardiac muscle the nucleus lies in the centre of the fibre, and 
radiating from it are fine lines (fig. 207) ; an appearance somewhat 
similar to this is shown in T.S. of insects muscles. 



ADDITIONAL EXERCISES. 

13. T.S. Frozen Muscle (H). — With a freezing microtome make & transverse 
section of a muscle taken from a recently-killed animal. 

(a.) The ends of the fibres are mapped out into a large number of small 
polygonal areas — Cohnheim's areas — ^separated from each other by a clear net- 
work of lines. The darker areas correspond to the ends of a bundle of fibrils — 
the so-called muscle-prisms, while the clear material between them is the 
sarcoglia (fig. 179). 

14. Living Muscle (H). — Remove, with as little injury as possible, some of 
the muscular fibre from the leg of a water-beetle (Dytiscus or Hydrophilus), 
])lace the muscle on a slide without the addition of any other fluids and cover it. 
Examine it as quickly as possible, and with the highest available objective. 
In insects* muscles there is far more protoplasmic matter or sarcoplasm between 
the muscle prisms or sarcostyles than there is in vertebrate muscle. 

(a.) Observe the alternate cross stripes, some of which will be distinctly seen, 
while at other parts they may be very close together, or the fibre may exhibit 
contraction waves. 

The dim disc or band may exhibit slight longitudinal striation, while a 
dotted line — Dobie's line — will be seen running across the bright or light disc, 
dividing it into two so-called lateral discs. 

The nuclei, surrounded by a small quantity of ])rotoplasm, may be visible. 

15. Crab's Muscle (Methyl- Violet). — Stain a fragment of a crab's muscular 
fibre (hardened in alcohol or Mliller's fluid and spirit, p. 29) with methyl-violet 
as described for fibrin (Lesson III. 18). Decolorise it with Lugors solution of 
iodine in iodide of potassium, clarify it in aniline-oil and xylol, and mount it 
in balsam. Use all the precautions detailed under Weigert's method for fibrin. 
In successful portions, the dim disc, and it alone, will be obtained of a deep 
violet. 

Do this with a contracted fibre, one extended, and one relaxed. In the 
extended fibre observe that it is chiefly the light disc which has been elongated 
by the extension (fig. 172, B). In the contracted muscle, the discs are closer 
together and narrower, while the fibre is broader at the contracted part. 

16. Polariscope. — An ordinary microscope can be fitted with a polariscope, 
which consists of two Nicol's prisms ; one is placed below the object, and is 
called the polariser (fig. 180), while the other, the analyser, is placed above 
the ocular. 

The light reflected from the mirror as it passes through the polariser is 
polarised. With the analyser in position, look into the ocular, and slowly 
turn the analyser. The best forms are provided with a graduated circle to 
indicate the extent of the rotation. There are two positions of the analyser in 
which the field is quite dark, caused by the polarised rays being cut of!'. This 
occurs when the planes of polarisation of the two prisms are at right angles to 
each other, i.e., when the Nicols are crossed. Between these two positions of 
the analyser a greater or less amount of polarised light is transmitted. Certain 
transparent histological preparations wlien jdaced on the stage of the micro- 
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8ai|>e are dark when tbe NicoU are croseed, othcn und^r t1 f- same conditlmiH 
causB the light to rcappi'ar, nnd appear bright on a dark field Thpy are said 
to be doubly refractive. The dim disc in doubly reFraLtiTe or aniiiitropintii 
while tbe light liisc is singly refracted, and is imAropinis 

Either a i)reiiaratioii of fresh Dinaele or a balsam jirBparfllion ma\ be uaod 
It is veil to tnke a mascle which ha^ broad and distinct stnix's (a aeo tie 
pheitomenn, one set of bands brittbt aud relrsutive an 1 t) e oti Ts dark on a 
dark ground, i.e., nith crossed Nicola, 

instead oFa glasa-coverslip, carer the proparation nith a tl in alip of mica, 
or pLice a thin plate of gypsllm under a ]ireparatioii uf striped muscle. The 
deUl shows rarlous colonrs, re<l, pink, green, ftc, aeeontiug to the thickness of 




FlO. iflo.— A. FoUrisertollttnloZeis^i __.„ 

B. Sectliin of A sbowlne srraiiBeDient ol tbe 

and with it the colour of tbe anisotrapoHs substance, while the iaotnilmua aiib- 
iiliuioe, being singly refrHctiTe, and having no elTect on the direutiun of the 
poUrixed my, bus tbe same colour as tbe field. 

The doubly refractive property is poBSvaaed by boiie(p. iSi), smooth iiiuselo, 
and the white fibres of cenneciive tissue. 

J.7. ObUqiiely atriated Hnscle of Anodon.— Place a wedge between the 
pnrCially opened Talves of Anodon, the fresh-water uinaael, so as to put the 
librea of the posterior aildiictor on tbe stretch. The whole animal may then 
be placed in dilnte alcohol, or I wr cent, pota^isiuni bichromate, for two days. 
On teusing a portion, isolated fibres showing olillque striation ore obtaintd. 
Or the niUBcle may be examined fresh in aia-watiT or in the blood of the 
animal. 

Betro-llngiul MembranB of Prog {fflwioier),'— Under the tongue of the frog 

a lymrih-sAC which is separated from tlie hoccsl cavity by a thio metnbrBo 



itlprf_n 



which anastomose with each other, thas 



. floated in 

Place the membrane for twiiuty-tour to forty-eight hours 

n dilute alcohol, then pencil anny the epitlieliuni, and jilace it for twenty- 
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four liours iu dilute methyl- violet-5B. Wash and mount in glycerine. The 
elastic fibres are stained of a bright blue, and they seem to spring from the 
ends and sides of the muscular plexus — also stained blue. The elastic fibres 
arc fixed to the sarcolemma — which, however, is not stained by the methyl- 
violet — and the union is a very firm one. Thus the muscular filtres diviae, 
and arc in elastic sheaths connected with elastic fibres. 

Banvier has used the same membrane for studying the changes which take 
place in a striped muscular fibre during contraction. 



LESSON XVIL 

NBRVB-FIBRBS. 

Nerve-fibres are of two kinds, medullated and non-medullated ; 
the former are found chiefly in the white matter of the nerve- 
centres and the cerebro-spinal nerves, while the latter occur in 
large numbers in the sympathetic system. 

I. Medullated Nerve-Fibre. — The essential part is the axis- 
cylinder, a soft, transparent rod or thread running from end to end 
of the fibre, and composed of primitive fibrils. It is covered by 
the myelin, or white substance of Schwann, or medullary sheath, 
which envelops the axis-cylinder everywhere except at the termina- 
tion of the fibre and at the nodes of Banvier (fig. i8i). The 
myelin gives the nerve-fibre its highly refractive appearance and 
its double contour, and it can be shown to consist of a stroma or 
network of fibrils of a peculiar chemical substance called neuro- 
keratin, enclosing a semifluid fatty-like substance, containing, 
amongst other chemical substances, protagon, a complex phos- 
phorised fat. Histologically it consists of cylinder-cones or medul- 
lary segments, whose ends are bevelled and fit one into the other, 
but separated from each other by oblique clefts or incisures. 

Outside the medullary sheath is a thin, transparent, tough elastic 
sheath, the primitive sheath, sheath of Schwann, or neurilemma. 
It is not present in all nerve-fibres, being absent from the fibres of 
the central nervous system. 

Between the axis-cylinder and the myelin is a thin layer of 
matter, called by Kiihne axilemma. By others it is regarded as 
an albuminous cement. 

At fairly regular intervals — about i mm. — along the course of a 
fibre are constrictions, the nodes of Banvier, where the myelin is 
absent, so that the neurilemma appears to produce a constriction 
at these points. The part between any two successive nodes of 
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Kaavter is an interaiuiular Begment, or 
iDternode, and about the centre of tliia, 
tuidor the neurilemma, is a, flattened oval 
nucleus — nerve-coipuscle — smrounded by 
a sraaJI quantity of protoplasm, and lying 
ill a. slight depression of the myelin. 
Nodes of lianvier are absent from tho 
uerve-fibrea of the brain and spinal cord. 
Osmie acid blackens the myelin ; silver 
nitntte produces the 30-calleil Banvier'B 
croEfies. Xhejnanner of their production 
ia given in the text. Ncrve-hbres do not, 
as a rnle, branch except towards their 
terminations. 

The fibres vary greatly in diameter, 
some being only half as broad as a red 
blood-corpuscle (4 ^ titst inch), othere as 
broad (8 fi, jiiVD" inch), and others bi'oadcr 
still; ao that they vary in diameter from ■ 
2 /t to 20 fi. 

n. Kon - Medullated Nerve - FiljreB. — 
They occur specially in tho sympathetic S3 
system, but are also present in tho corebro- - 
spinal nerves. Each fibre consists of u 
bundle of fibrils enclosed in a trunapariint ; 
structureless sheath. Some observers doubt 
the existence of this sheath. The fibres 
are somewhat flattened ; they branch an<l 
auastoraoBe, and in their course are oval 
nuclei (fig. i8z). As they have no myelin, 
they are not blackened by osmic acid, so 
that this reagent serves to distinguish the 
two kinds of fibres. 

Nerve-tmnkB consist of bnndles or funi- 
culi of nerve-fibres, each bundle containing 
a greater or less number of fibres. Sovotiii 
bundles are held together by a common 
coiinective-tisaue sheath — the epineurium. 
The slieath around each funiculus is com- 
posed of lamellated coimective tissue, 
covered on both surfaces by endothelial 
cells, and is called the peitaeurium or 
lamellated sheath. Lymph spaces exist 
between the lantellte. Delicate fltrils of 
connective tissue lie between the nerve- 
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fibres, and constitute the endoneurium. The larger blood- and 

lymph-vessels lie in the epineurium and 
A perineurium, while the endoneurium .sup- 

ports the few capillaries which are distri- 
buted to the nerve-fibres (fig. 190). 

The term Sheath of Henle is applied to 

the prolongation of the perineurial sheath — 

usually a single lamella — around a small 

branch, or even one or two nerve-fibres. 

^* The following statement may facilitate the 

study of the parts to be investigated : — 

Nerve-Fibres. 

I. Medullated (chiefly in cerebro-spinal 
system). 

n. Non-MeduUated (sympathetic or fibres 
of Remak). 

A. Medullated Nerve Fibre consists of — 

( I . ) Primitive sheath^ sheath of Schwann 
(or neurilemma). 

(2.) Nerve-corpuscles occur under the 
primitive sheath in each inter- 
annular segment. 

(3 . ) Wh ite substance of Sch wann, myel in, 
or medullary sheath (with cylin- 
der cones and incisures). It 
contains a net-work of rieuro- 
ktratiiu 

(4.) Axis-cylinder^ composed of primi- 
tive fibrils (surrounded by a 
shoath called the axilemma). 

(5.) Nodes of Rauvier and internodal or 
interannular segments between 
two successive nodes. 

Ranvier's crosses and FrommanrHs lines^ 
obtained by using nitrate of silver. 

Sheaths of a Nerve-Trunk. — Epineurium, 
perineurium, and endoneurium. 
B. Non-Medullated Nerve-Fibres consist of — 




FlO. 182. — Non-ModiiUated 
JS'ervt;- Fibre, Vajfus of Dog. 
h. Fibrils ; n. Niicleus ; p. 
Protoplasin surrounding it. 



(i.) A bundle of fibrils, usually enclosed in 
2.) A transparent sheath or neurilemma (1). 
3.) On the fibres are oval nuclei. 
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. Uedullated Herve-Fibrea (H).— ^elect a small nerve, e.;/., 
r one of ita Tiranthes, of a ftog. Cut out half on iuch 
of it, and plaea it on a dry slide, but add no fluid. Fix one end of 
the ttiread by pressing on it with any tliiii blunt objetit, e.g., the 
Hilt surface of a mounted needle, and fray out the opposite end in 
a fan-shaped manner with a muunted needle, bo as to isolafe some 
Dervfi-fibres. To prevent it from 
drying, breathe on the specimen 
from time to time. Add a droji 
of normal saline, cover, and ex- 
amuio (%. 183). 

(a.) Observe highly refractive 
medullated nerve-fitui^s of vari- 
able size, some as broad as a red 
blood-corpuscle and others nar- 
rower. Each fibre has a duuhle 
amtoiir, i.e., two thin lines on 
eaeh side of the centre. The 
double contour may be inter- 
rupted here and there. The 
double contour is due to the 
white substance of Schwann, 
medullary eheath, or niyeliu. 

(/,.) Jn the centre a rlcar 
bright lod, the axis-cylinder. 

(c.) Outside the myelin is a 
thiti tranapirent shpath, primi- 
tive slieath or neurilemma, 
scarcely to be detected as such 
unless the fibre is ruptured or 
tlio sheath ruise<l from the 
myelin, or stretching as a funnel-shaped proli 
of a torn fibre. 

('/.) Selecting a fibre isolated for a considerable distance, trace 
outline, imd observe at intervals alight constrictions — nodes 

IBanvier — where the myelin is absent. 
(e.) A small quantity of delica.te connective tissue^endoneuriom 
■with, perhaps, a eapiUary and a few blood-corpuscles between the 
Ves. 

(/.) The myelin tends to exude from the rujitured ends of the 
fibres, and appears as highly refractive spherical droplets— myelin 
drops — often with concentric marking, but tliere is no nucleus 
in them (Gg. 183, b). The myelin drops exude more rapidly in 
sporation irrigated with i ]>cr cent, acetic acid, or 2 ]icr cent, 
itic soda, or even with distilled water alone. 
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SUin the preparation with picro-carmine, and note that this 
reagent diffuses into the fibres at their cut ends and 
at the nodes of Ranvier. It stains the axis-cylinder 
red, and also the nerve-nuclei or corpuscles which 
^'"OS'^ lie just under the neurilemma. 

2. Nerve-Fibres in Osmic Acid {H). — A nerve- 
fi])re is rapidly blackened by osmic acid, as can be 
shown by applying a drop of i per cent, solution to 
a fresh nerve, but for good permanent preparations 
it is well to stain the nerve after the action of the 
osmic acid. Place a small i^iece of nerve in a small 
glass thimble along with 2 cc. of .5 per cent, osmic 
acid. Cork the thimble, and after twenty-four hours 
thorouglily wash the preparation ; tease it a little, 
and place it for twenty-four hours in a solution of 
picro-carmine. In fact, if it be left for days in this 
dye it is better, as the fibres can then be more readily 
dissociated. Tease a small fragment, and mount it 
in glycerine acidulated with formic acid. 

(a.) Observe in each fibre the myelin stained black. 
Search for a node of Banvier, a narrow constriction, 
and note that the myelin is absent at the constriction, 
although the axis-cylinder and neurilemma are pre- 
sent (figs. 184, a, 185). Find the next node, and, 
between the two adjoining nodes, the stretch of 
nerve — the intemodal or interannular segment 
(fig. 181). 

(6.) In the interannular segment, just under the 
neurilemma, and lying in a slight depression of the 
myelin (fig. 184, 5), a red-stained oval nucleus sur- 
rounded by a small quantity of protoplasm, and 
about midway between the two nodes (fig. 185, n). 
The axis-cylinder stained red, and continuous 
'^ throughout the fibre. 

*'^ (c.) In tlie myelin what look like oblique slits — 
"^ incisures — running obliquely outwards from the 
axis-cylinder to the neurilemma (fig. 185, i). They 
correspond on each side, and break up the myelin 
Mi)re^'~~(0smfc ii^to a number of short lengths — cylinder cones — 
"^ r**a ^' N^d ^^^ bevelled end of one cylinder-cone fitting into the 
of Ranvier; i. In- Oppositely bevelled end of the next cylinder-cone. 
cUnsT'i>.%roto." ^^uy coucs lie in an internode. 
piasn'; a. Neuri- (^Z.) Somc of the fibres are broad, and others 

narrow, about half the breadth of the others. 
(e.) Some fibres are not blackened by osmic acid at all. They 
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appear as flattened bands with oval nuclei at intervals in their 
course. They are non-mednlUted nerve-fibres, which, as they 
have no myelin, are not blackened by the osmic acid. 

(/.) A small quantity of connective tissue and capillatiea. To 
get a good view of the incisures and nodes, the best plan is to 
stretch the sciatic or other nerve of a frog on a match before 
placing it in osmic acid. In this wuy the fibres are kept straight, 
and Uie cylinder-cones pulled asunder as far as possible, thus . 
making the incisures wide and distinct. 

3. Hanvier's Crosses (H).— Eapidly tease out on a dry slide one 
of the branches of the sciatic nerve (frc^), and stain it for five 
minutes with ,3 per cent, solution 

of silver nitrate. Wash off the 
silver, apply a drop of glycerine, 
and expose it to daylight. It 
rapidly becomes brown. 

('[.) Observe the fibres, but at 
each node will be seen a brownish- 
black cross (fig. 186); the silver 
nitrate diffuses into the nerve-fibre 
only at the nod en, stains the 
cement joining one internodo with 
another, thus making the trans- ^o- ■ 
verse bar of the cross, and as it crni 
diffuses along the axis-cylinder it mtratt, st 30. J^" silver 'nu- 

stains some cement substance on '***■ 

the latter, and thus makes the 

vertical bar of the cross. Occaflionally a number of transverse 
(fig. 187) lines — ^Frommann'B lines— are seen on the nxis-cylinder, 
i«., on the vertical bar of the cr<BS (p. 210). Place a sciatic nerve 
of a frog for twelve hours in r per cent. AgNO;,, and keep it in 
the dark. Wash and harden in absolute alcohol, and mount 
in Iwilsftni. The crosses and lines are then scon with great dis- 
tinctness. 

4. Endothelial Cells of the Perineurium. Intercostal, or other 
Small Nerve. — (i.) It is well also to stain with silver nitrate one 
of the small intercostal nerves of a rat or some other small nerve. 
Sinin the whole nerve in silver nitrate. 

(ii.) Open the abdomen of a frog, remove the ubdomiiial viscera, 
so as to expose the nerves coming from the vertebral canal. Pour 
fill the nerves .3 per cent silver nitrate. After three minutes, rut 
out the nerves and place them for lialf an hour in fresh .3 i>er 
cent. AgNOj. Wash in distilled water, tease a piece in glycerine, 
and expose it to light . 

(a.) The crosses are seen as before, but above them is the 
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endothelial sheatli of the 

squaiiii!J4 (fig. 189). 

5, Azis-C;linder. — Harden for two or three daja a nerve in 
chroniate of potash, tease a piece, and stain it in carmine. Observe 
the axia-cylinder stained red (fig. 188). Or treat a fine nervo for 
four days to a week in -^^ per cent, chromic acid or ^ per cent, 
bichromate of potash. On teasing long stretches of 
isolated nerve anis-cylindera are readily found, 

6. T.S. of a Nerve.— Select a rather large nerve, 
e.ij., the hiiman sciatic, and harden about an inch of 
it iu jjicric acid for forty-e^ht hours, or in 2 per 
cent, ammonium bichromate for two weeks. Wash 
out the bichromate. 
Complete the Iiatdcn- 
iug in alcohol. Sec- 
tions may be made, and 
stained with logwood 
or carmine, but they 
are very apt to fall to 
pieces. It is prefer- 
able, therefore, to stain 
the hardened tissue 
■' in bulk." Place it 
in borax carmine for 
three days, then trans- 
fer it to acid alcohol, 
and pass it through 
absolute alcohol and 
turpentine, and embed 
it in paraffin. Cut 
sections, when the ^ 
® iiar.iffin keeps all the 

tia. 1S8. — Perl- parts in their places. "■'"' 
fi™' o^Axiii Fix a section on a slide with white of c^, remove 
cyUndeTjft. K«n- all the paraffin by placing the slide in turpentine, 
Nireleus. (Am- clear it up in clnve-oil, and mount in balsam. 
™ui*carni?ne*^x ("■) C-) OlMcrvo tlie coimective-tissue sheath— 
!oo. ' epineurium— or sheath surrounding the whole 

nerve, sending processes into the nerve, — numerous 
bundles — some lai^e, others smaller — or funiculi of nerve-fibres, each 
Rurroimded by a laraellated sheath — perineurium — which sends fine 
Ecpta — endoneurium — into each funiculus. In each bundle the cut 
ends of the fibres are directed towards the observer (fig. 190). 

The large blooil-vasaels are in the epineurium, and a few in the 
endoneurium. 
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(ft.) (H) Select a bundle, 
of sBvernl concentric lamellie 
ends of the fibrea varying 
in diaincter. 

(e.) Note in eitch til ro 
the Hection of tho .stain i 
axis-cjlindcr. Surroni i 
ing this a clear tran'^ 
parent ring, indicating 
tiiopoBitionof themyel i 
which has been dissuh e 1 
out in the proccBs of [ife 
paration. 

('/,) Outside this a thin 
circle — the prinnhie 
sJieafh. Between the 
nprvR-fibres a small 
quantity of coniiMti\ 
tissue or endoneuiium. 



7. Nou-MedtiUated or " uenniii 
Sympathetic Nerve 

Pibrea. — -(i.) These are readily found in the large spier 
Ihe ox, or in a portion of the sympathetic nerve of the thoracic or 
ahilorainal ciiain. The nerve Las a pretty thick sheath. Cut this 
open, and cut off a small piece. Tense it in 
normal aaline. The process of teasing is 
greatly faeilitatcd by placing the nerve for 
twenty-four hours in dilute acetic acid {5 drops 
in 100 cc. water). 

(H) Observe that there are very few medul- 
latcd fibres, the great majority heing nou- 
ruedullated (fig. 192). Their outlines are not 
very distinct ; they are faintly striated longi- , 
tiidinally, and have oval nuclei at intervals, j 
They may be stained with pici'o-ca.rniine, 

(ii.) Place the cervical sympathetic nerve of 'i'-^. 

a rabbit in .35 ]mr cent, osraic acid for 

twenty-four hours. Wash it in water, and stain it for aeve 

hours in picro-carmine. Tease a fragment in glycerine. 

(iii.) Or tease the vagus of a raljbit upon a ilnj slide, taking c; 
that the nerve does not become dry. Cover it for 5-10 minutes 
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with I per cent, osmic acid, waeh away the osmic acid, add picro- 
cartnine, nnd place the whole for 24-48 hours in a moist chamber 




(fig 47), I tprwards d splace the pi o- armine by glycerine, 
ns rrcommcndRd at p. 82. 

(H) Observe a fi(w small modHllatcd fibres (blackened by OsO,), 
nnd iiiimeroua 1 1 on- niedii Hated fibres, sonic of wliicli may bo seen to 
bniiicli. Xote tlic oval nuclei on the fibres (fig. 191). If the part 
be taken from near a ganglion, often nerve-cells may be seen. 



ADDITIONAL KXERCISES. 

8, Ketuokeratiit Network and AiiaCflinder.— Place tlie fresh sciatic 
uci'vc of a fiDg in a dilute Bolutioii of I'lTiic cliloride confliating of— 
Lienor furri iKTeliloiidi .... I pait 
Uiatillod water or spirit .... 3-4 jiarts. 
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Leave it in tbie fluid for tliret] or four days. Wash ersry tnce of the ira 
ont ofthe ]irejHiration, widjireseive it in alcohol. PUsBsmallpieneBofthe 
sereral dsjs in a satumted solution of dinitrosorcsorcin in 75 jwrciiiil. alcohol. 
Tease a fragiiient, dehydrate it with nlcohol, clarify with xylol, 
aiidni()nutiiiliB]sa[n(i>ZaIi(CT). This is an excsllcnt iu«thod. " 

((1.) Ohserre the aiia-cjliDder Btoiiied KrePB. It can lie 
sect! with tho utmost dintinctn^BS paBsing ironi one iuternoile 
to the next one, and across the iiodBB of Ranvior, which are 
particularly sharply defined. lu the myelin, a. network of 
Blirea — Ihu uenrokaratiii netivork— staiueil green. The Rxis- 
eylimler appeara as distinct as in fig. 193. 

(b.) Kiihne and Ewald'a Hethcd.'— Harden a Dcrye for 
twrnty-four hours in absolute alcohol. Boil it in ahsolute 
alcohol, and extract it with elher. To remove everything 
except the network, a teased preparation is digested iu pan- 

(ir.) Heidenhain's hiematoiylin (p. 70) mny be used to 
siain nerve-fibres. It slaina the axis-crlindor aud the nvuro 
kcTHtiii network. 

9. Frommann'g lines aud Bftnvier'a CroBBes (H).— Place 
a fi-Qsh nerve iu .i-l per cent, ailvcr nitrnte lor forty-eight j 
hours, anil keep it in the dark. Wasli it in water, and 
Gxposi- it to light for 2-3 day^ in eijual parts of formic acid, 
water, and glycerine, and preserve it in glyeerine. Tesse 
s piece in glycerine. 

(a. ) ObstTve the crosses of Banvier sharply defined, anil on tl 
n'ell-dcftned trnnsverso markingd, extending for a long 
ilistance along the axis- cylinder. FmminaQn'a lines,— It 
nn nxia- cylinder he dislodged from its fibre, a fiu^anical 
rwrlling may be aeeii (a). It corresponds to that part of tin 
rut rx- cylinder opposite a uode of Ranvicr (fifr, 194]. 

10. AzlE-Cylinder— (a,)Aotionof OoUodiou (H). —Tease 
a froah scintic nerve of a frog without adding any fluid 
Add a large drop of collodion and apply a cnver-glass, or 
tease a fresh nerve in chlorororm, Examice quickly, as the 
prejwration soon Bjioils. The neurilemma ia diatini:!, the 
myelin is transparent and finely granular, while the axi? 
cyliudcr a[ipears as a dark cylindrical rod — often with a 
curved course — iu tho centre of the iibre, and it may even 
project l>eyond the end of the fibre. 

(A.) Isolated axis-cylinders are readily obtained from the 
central nervous system after maceration of the uhite mntter 
of the cord in roethjl-miilure (p. 26), or Miiller'a fluid or 
imJ moil ill ni chromale. 

11. Schwann's Sheath.- Macerate a periphural nerve foi 
sever"! days in aninioniitm cbroniato (1 : 3000). The myelin 
is dissolreil while the neurilemma and axis-cylinder remain Fi 
{Sehiefsrd/clcff). 

12. T.S. Kerve, (kmic Acid (H]-— Stretch a nerve on a 
piei* of wood, aud place it— wood and all — for two daya ii 
.5 ]>er ci'Dt. osmic acid, or, better slill, in Flemming' 
mixture for one day, On the second day, add a littlu nioi'< 
osmic acid to FItwining'B mixture, and hsi'den the nerv 
for another day. It is better to embed the nerve in jmrailli 
and make transverse aoctiona. The sections lire lixcil 011 a 

' Kuhnt's UnUniMh., Heidelberg, 1878. 
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the |«r*ffin is extrautM bj tiiqwntine, &nd the sectioDS moonted in balum. 
They niny be stained with a waleiy solution of Bismarck brown. Instead of 
this, alter fijiiag the nervo in oamic acid, and hardcniuj; in 90 per cent alcohol, 
place it for 24-4S honrs iu a strong saturated watery solution of acid fuclisin 
(S.N. 30), wash in alcohol, embed and cut in paraffin. The ends of the Sbrils 
on the axis-cylinder are stained red (6g. 195). 

(a.) Note the axis-cylinder in the centre xunounded by a dark ring (figs. 
105, 196, 5), the myelin blackened by the OsO,. If the Bection of a nerve- 
■ " ' " ■ », the double contour of the myelin may be seen 
w black edge, at others with a broad block edge 

erve be placed for forty-eight lioura in a solution of 
[iisiiiiLrcii i^ruwii, aim men tcastd, the appearance shown in Ht;. I9S> ^> ^^ 
obtained, when the axis- cylinder presents a lougitudiually striated appearance. 
18. Sice of Nerre-Fibres.— The osmic acid method has yielded the best 
results. Some of the fibres are broad, and others are narrow or fine. Thus the 
anterior roots of the upper cervical uerve<i, and the third cranial nerve, contain 
only broad nerve-tibres, while the second and succeeding, thoracic nerves contain 
broad and line fibres (fig. 196). In neives going to inuacb's there are niiiiiy 
large and tew sinnll niedullati-d filircs, while in nerves going to viscera the 
fine medullntcd fibres ai'c far more abundant than the broad fibres. 
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14. Living Nerve-Fibres are readily studied in the inflated lungs of a newt 
or frog. The frog's lung is Lest kept inflated by Holmgren's apparatus." 
Ncrve-fihres are also readily seen in the toneue of a frog arranged as for 
studying the circulation of the blood (Lesson XIX. ). 

15. Marchi's Method for Degenerated Fibies. — Harden a nerve in Miiller's 
fluid for eight days and then in the following lluid : — 

.\foTckfs Fluid. 

Jluller's fluid ... 2 parta. 

m d ( p t| part. 

P hoi II d d t m a b Iiam It is well not to employ 

lial d ssol d hi f m tl th dark ed parts lose their dark 

I Tl d g mted p f fih es black. ThU method is 

|iart 1 I us f 1 f d g rat th tres before sclerosis has 

B it J 4 Phj C Lid g gc idmet Leipzig, 18/4, p. cxvi. 
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set in, but it is also applicable to nerve-fibres that have undergone degenera- 
tion, e.g,^ after section of a nerve, constituting Wallerian degeneration. It 
will also detect any degenerated fibres in an ordinary nerve. 

16. Isolated Schwann's Sheath. — Place a stretched nerve of a frog in the 
following fluid for twenty- four hours in the dark : — 

Boveri'B Fluid. 

Silver nitrate ( I per cent.) . . . 10 cc. 
Osmic acid (i per cent.) , . . 10,, 

Wash it in water, and place for twenty- four hours in very dilute caustic 
potash (2-3 drops of a concentrated solution in 15 cc. water). Tease in 
glycerine. The axis-cylinder shrinks and Schwann's sheath may be traced as 
a continuous sheath without any interruptions at the nodes. 

17. Nerve-Fibres of the Spinal Cord. — These are devoid of Schwann's 
sheath, but they possess both Ranvier's nodes and incisures of Lantermann. 
Boveri's fluid may stain both. It is evident then that these two structures 
have no relation to Schwann's sheath, but are related entirely to the myelin. 
The cylinder-cones are readily isolated by Schieff'erdecker's methyl-mixture 
(p. 26). 

18. Degeneration of Nerve-Fibres. — This is readily studied in the rabbit. 
The skin is first disinfected with solution of corrosive sublimate, and then the 
median and ulnar nerves are exposed on the inner aspect of the upper arm, 
the nerves divided, and the wound sealed with collodion (C. Huber).^ In 
different animals the nerves are excised 2, 3, 4, . . . 8 or 10 days after the 
operation. The excised nerves are kept extended on wood and fixed for 
twenty-four hours either in Hermann's fluid (Lesson XXXV.) or the picro- 
osmium mixture of Benda, prepared by saturating a i per cent, solution of 
osniic acid with picric acid an<l filtering. They are then washed in water and 
hardened in alcohol. The sections are stained with safranin and light-green. 
Besides showing the usual degeneration phenomena, they show mitotic division 
of the nuclei of Schwann's sheath, showing that these proliferate. 



LESSON XVIII. 

NERVE -GANGLIA, NERVE -CELLS, AND PERI- 
PHERAL TERMINATIONS OF MOTOR NERVES. 

Spinal Granglia. — Harden a spinal ganglion of a cat or dog in 
2 per cent, ammonium bichromate for three weeks, and subse- 
quently in alcohol. Make transverse and longitudinal sections 
of the ganglion, stain with logwood or carmine, and mount in 
balsam. 

1. L.S. Mammalian Spinal Ganglion (L). — (a.) Note the cap- 

^ Archivf, mik. Anat., xl. p. 409, 1892. 
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aule (fig. 197, e) suiroundiDg the ganglion; nerve-fibres (a) enter 
the ganglion at one end and leave it at the other. They nm in 
groups, chiefly through the central part of the ganglion, . so 
th.it they arc cut in different planes. 

(6.) Numerous spherical cells (lig. 197, b) lying singly or in 
groups between the nerve-fibrea, but chiefly towwds the surface. 

(e.) (H) Select a single gangUon-cell ; note its spherical shape, 




its granulat c tt ts, 
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I of the ganglion sendiii_ 

"s npar the circurafcreucc, and the nerve-fibres 
' chiefly in the centre. 

1. Isolated Cells of a Spinal Ganglion 
(Mammal) (H). — Into a dorsal ganglion of a 
™ Cells In young rabbit make an interstitial injection of 
(Human) ^iloui" osmic acid (2 per cent). Tease a small piece in 
plasm shrunk (mm picro-camiine and mount the preparation in 
te BpBue.xjoqi. g]y,,(,rjne_ Sometimes a cell with its single 
process may be found. The cells are unipolar. It is more difficult 
to find the connection of the issuing axis-cylinder with a nerve- 
fibre, forming what Kanvier has described as T-shaped nerve-fibrea, 
hut with care such processes can be found. 
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3. Spinal Cranglion of Frog. — These ganglia lie under cover of 
the small white calcareous sacs situated on each side of the verte- 
bral column, which are seen at once when the abdominal cavity 
is opened and the abdominal viscera removed. Remove the white 
chalky mass, and the greyish semi-transparent small ganglion will 
be seen. With sharp-pointed forceps it is not difficult to tear away 
the capsule of the white calcareous mass. These sacs contain arra- 
gonite ; some of the crystals are large, but the smaller arragonite 
particles when examined in water exhibit Brownian movement. 
Treat it in the same way as directed for the frog's Gasserian 
ganglion. 

(H) In a carefully-teased specimen (use a dissecting microscope, 
p. 22), it is by no means difficult to find large unipolar cells, each 
cell with a distinct hyaline capsule, and the cell itself with a 
relatively large nucleus and well-defined nucleolus. Moreover, the 
continuation of the body of the cell with a nerve-fibre is not 
difficult to establish. The methylene-blue method may be used 
(p. 222). 

4. Spinal Gktnglion of a Skate. — Make an interstitial injection 
of osmic acid (2 per cent.) into such a ganglion. Stain a piece in 
picro-carmine and tease it in glycerine. Bipolar cells are readily 
found. Each cell shows a distinct capsule enclosing a nucleated 
cell with a pole at either end 

continuous with a nerve-fibre 
(fig. 199). 

5. Gasserian Ganglion. — yiq. 199.— Bipolar Ganglion Cell of the Spinal 

(a.) The Gasserian ganglion Ganglion of a skate. 

of a sheep does very well ; 

harden it in the same way as for spinal ganglia or in Miiller's fluid. 
The same general arrangement of fibres and cells is seen, only the 
cells are larger, and their protoplasm frequently contains granules 
of a yellow pigment. Very instructive results are obtained by 
double-staining it with eosin and haematoxylin, first with haemato- 
xylin and then with eosin, or use eosin-haematoxylin, and mount 
in balsam. The nuclei are blue, the other parts reddish. If a cell 
be isolated after interstitial injection of osmic acid, as recom- 
mended for spinal ganglia, the cells have the form shown in 
fig. 200. 

(b.) A fresh ganglion may be teased in salt solution. The large 
spherical cells are readily isolated, but they usually shell out of their 
capsule. Stain them with magenta solution. 

6. Gasserian Ganglion of Frog. — Destroy the brain and spinal 
cord of a frog, remove the lower jaw, divide the skull into two longi- 
tudinally by a vertical incision. Tear off the mucous membrane 
covering the roof of the mouth. From a foramen just behind the 
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eyeball there issue a few fine threads, branehea of the fifth nerve. 
Scoop out the brain. These threads ore readily recognised by being 
usually somewhat [(igmented. Willi a pair of scissors make a snip 
in the 1>ase of the skull at right angles to the cut 
already made. Turn up the bone, and on the fifth 
nerve, which runs towards the foramen, beliind 
the eyeball, will be found a small oval swelling 
Burroundcil by a tough ca]»sulo. Divide the latter 
and remove the ganglion. I have usually found 
that the little ganglionic swelling is somewhat 
liigtnented. At any rate, it is easily found by 
tracing the fifth nerve backwards. Tlio nerve is 
accompanied by an artery. 

Tease the ganghon iu .25 per cent, osmic acid, 
and let it stain in this fluid for two hours. Stain 
it for several hours in picro-carmine (under a 
moist - chamber, p. 82), tease a fragment in 
glycerine. Try to find a cell with its single pro- 
cess prolonged into a nerve-fibre. In most of tlie 
cells, however, the process is apt to be detached. 

7. Sympathetic Ganglia (Pn^). — Lying in 
contact with the sjunal column of the frog is a 
^"rrom^^Rliiiiiit" ''■^^ °^ small semi-transparent ganglia, the sym- 
spinii GangUnn. ])athetic cliain, and between them and the roots 
mI^ cH'^ute ;"t * °^ '''^ spinal nerves [Miss fine nerve filaments. 
Nucieiu of nerne- Open tho abdomen of a freshly-killed frog, re- 
flini;; Fibre di- move the intestinal tract and liver, cut through 
'od''*i'ita Or' '''"^ peritoneum above the kidneys, raise the 
T.Bhapeil Bbte. ' kidneys and excise them. There will be seen 
tlie white nerves issuing from tho cord. Between 
these and the symjiathetic ganglia fine nerves run transversely. 
Cut out the sympathetic ganglia and treat them with chloride of 
gold by tho method (p. 79, 3) ; or cut out the aorta and the 
a<ljacent tissues, and subject them to the gold chloride method. 
After the piece of tissue has acquired a purplish colour, examine 
it with a low jiowcr to find nerve-cells. The nerve-cells may be 
isolated or arranged in groups. It requires great care to get a satis- 
factory preparation. Xote the pyriform shape of the cell, each with 
a laige nucleus, the cell -substance continued into a straight prooesfl, 
which may be seen to be encircled by a Spiral process. The body 
of the cell is surrounded by a well-marked cajisule, which is con- 
tinued over the cell-processes, and has nuclei on its inner surface. 

8. Sjrmpattaetic Ganglion (Mammal) (H). — Harden the first 
thoracic sympathetic ganglion or the superior cervical ganglion of a 
man or rabbit in 3 per cent ammonium bichromate (2-3 weeks), 
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and subsequviitly in alcohol. Make transverse sections. Stain in 
picro-carmine or a watery solution of nigrosin (several lioiirs), and 
mount the former in Farrant's solution, and the latter in balsam. 

(a.) Observe ,tlio fibrous capsule of the ganglion ending in 
septa, and numerous bundles of non-mediillatetl nctve-libres cut 
obhquely or transversely. A few blood-vessels. 

(ft.) The nerve-cella, each with a capsule, allowing nuclei. The 
nucleated cell lubstance is frequently somewhat shrunk from its 
capsule and at one side it usually 
coiitam=! some jellowiah brown pig „ 

mcnt gran\ilcs, especially if the 
human cervical ganglion be used *-i 
It IS difficult to see the process ^ , 
uliich becomes continuous with ni / 

a nerve fibre, but with care it may k\ ' /t^ 

be seen pa=aing out of one or more \ i 'M 

of the f'ells (fig 201) \ \ ,m 

(c ) The veins have lung fusiform V2- V^^-" ' - ' c 

dilatations upon them , this is not 

iinfrpfiiK ntlvBppn in t-fnaml iippnnn *■'<■ ""' Han all Superior CenlcilUjrm 

iinirequtniiy seen in lenseu prepan pBthetir. oangU n a smiii Brtery 
tions 01 a human ganglion, but can c tupiiiaiy v vein k cnpaiiie 
only 1)0 fully demonstrated in an ^ NervB.«ii x y^ 
injected specimen of the ganglion 

9 Isolated Hultipolu Herve Cells of the Spinal Cord.— 
There are several wajs of preiiaring these 

(i ) Cut out a small part of the anterior cornu of the spinal 
card of an ox, calf sheep, or other animal and place it in very 
diliito chromic acid (01 per cent) or 2 per cent potassium 
bichromate for a few days, and do not change the fluid W ush, 
ind place it for twontj four hours in strong eat mine soliitmn 
(P ^i) Place 1 little of the red pulp on a slide, and, i\itb tin 
11 1 of a dissecting microscope, try to isol ito one or more multi 
lK)Hr nerie-cells 

(11 ) Or, \(liat is a better method, take smiU fngments of tlm 
int( nor cornii of the spinal cord of m o\ or c»!f ^lld pi ice tin m 
111 dilut« alcohol for forty-eight hours or lon^rpp After this tiini 
we can see better the distinction bot-veeii the grej ■ind the white 
matter Shake the fragments in the dilute alcohol, md illow the 
di bns to subside Pour off tlie alcohol, -uid " ii"c the cells w ith 
25 [ler cent osmic acid (one hour) , pour this off, and stain the 
cdls for forty-eight hours with pitro carmine I'oui oif the picro 
cimiine and replace it by gljfLrinejcllj AMicn the t,Ijierinc 
jpHj is warmed, a drop of the fluid ])liied on a shik is almost 
cfrtiin to contain one or mor isol ited iiiultijwlar tier\e cells 

■\\ ith a low power find a ei II 
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(a.) (H) OWurve the lat^eaize of thecell (loo /I, -jjjf inch, and 
therefore visiltle to the naked eye), with numerous processes — ■ 
branched processes — which run in all directions (fig. aoz). The 
processes branch; and then 
bmnch ogain and again to 
form a lino protoplasmic 
system of processes — tlic 
protoplasmic processes. 
One process is always un- 
bmnchcd, it is by no 
means difficult to see — the 
axis«ylinder process — 
whicli becomes continuous 
with, or in fact is, or he- 
comes, the axis-cylinder of 
a nerve-fibre (fig. aoz, a). 

(b.) The multipolar cell 
itself has no cell-wall, and 
it contains a large, con- 
spicuous, spherical, nucleo- 
lated nucleus, the latter 
with a distinct envelope. 
The protoplasm is fibril- 
lated, and the fibrils may 
be seen to stretch into the 
branched processes. Some- 
times the cells contain i)igment (fig. 202, lA. 

10. Cover-Glass Preparation of multipolar Nerve-CeUs.— 
(i.) From a perfectly fresli cord of a sheep or ox snip oiF a small piece 
of the anterior cornu; press it between two cover-glasses, soas tofonu 
a thin film. Separate the cover-glasses and allow the film adhering 
to each to dry. Float the cover-glass — film surface downwards — 
on a concentrated watery solution of methylene-bluo for several 
hours. Wash the cover^lass in water mixed with alcohol, drain it, 
allow it to dry, and mount it in xylol balsam ; the covcr^Iaas can 
ho jMSsed through absolute alcohol, cleared with xylol, and mounted 
in xylol balsam. The multipoJar nerve-cells are all deeply stained 
hlne {Thankoffer). 

(ii.) If the use of aniline colours be objected to, the foliowin;; 
method gives good results : — For three or four days macerate a small 
part of the grey matter of the anterior cornu iti 20 cc. of water, 
containing i gram of each of tbo following : Neutral ammonium 
ehromate, potassic phosphate and sodic sulphate (Landois' fluid, 
p. 26), and then stain it in bulk for 24-48 hours in equal parts of 
the above solution and strong amraoniacal carmine. 




10. aoi— A Jlultipolar Xervc-Cell trom the An- 
terior Cdnm ut tlie Orey Mslter ol the Humui 
Sptiial Cord. 0. Ailt-tyllnder pruceM; b. Ptg- 
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Squeeze a little of the red pulp between two cover-glasses, and 
treat it as recommended for the methylene-blue preparation. It 
would be difficult to get preparations that surpass in beauty those 
prepared by the methylene-blue method of Thanhoffer. 

(iii.) Make a cover-glass preparation from a fresh spinal cord. 
Heat one of them by passing it two or three times througli the flame 
of a Bunsen-burner. Thereby the proteids are coagulated and 
partially charred. In some of these preparations good views of the 
blood-vessels may also be obtained. 

(a.) Observe — especially in the methylene-blue preparation — the 
large celFs with numerous branched processes ; some of them are 
very long, and each shows distinct fibrillation. 

(h.) The unbranched axis-cylinder process. 

(c.) The body of the cell, nucleated and nucleolated, with its cell- 
contents, traversed by blue-stained fibrils, running in certain definite 
directions through the cell. 

Other forms of nerve-cells are referred to under Cerebrum and 
Cerebellum. 



ADDITIONAL EXERCISES. 

11. Motor Nerves to MuBcles. — (i.) If the skin over the sternum of a small 
frog be divided longitudinally, on raising the skin a small thin muscle — 
musculus cutaneus pectoris — will be seen running from the skin to the sternum. 
Keep the muscle stretched and " fix " it by pouring on it a little osmic acid. 
Cut out tho muscle, and after dehydrating, mount it in balsam. It is apt to 
darken on exposure to light. 

(L) Observe the nerve is black — sending branches over the muscular fibres ; 
trace these onwards over the muscular fibres until a single nerve-fibre is found. 

(H) Note that when a nerve-fibre divides, it does so always at a node of 
Ranvier. The nerve-fibre can be traced to a muscular fibre, but it apparently 
stops abruptly, because the myelin stops where the nerve pierces the sarco- 
lemma. Other methods are required to see the termination within the sarco- 
lemnia. 

(ii.) May's Method. — Select a thin muscle, e.g., the cutaneus pectoris, 
sartorius, mylo-hyoid, &c., and place it in water containing 2 per cent, glnrial 
acetic acid for twelve hours. Make — fresh — the following mixture : — 

4 j)er cent, potassio-gohl chloride . . . i oc. 

2 ,, osmic acid i ,, 

2 ,, glacial acetic acid . . . • 50 ,, 



and jtlace the muscles in it for 2-3 hours. Then transfer them to the following 
mixture : — 

Glycerine 40 cc. 

•Water 20 ,, 

Hydrochloric acid (25 ])er cent.) . . . . i 



>) 



for several liours. They become very transparent, and can be investigated in 
glyceiiue or Furrant's solution. 
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12. ir«rvea of Fiog'a Sartoriiw. — Su|ipose the sartoriiu to lie seUuted. A 

beautiful vli'v of tlic distributioti of the motor neireg—blsck — is obtained 

(lie- 203). 

Tlitf niligle nrrvc-tnink pnteni the muixrle on the mGclian 
aHjiwt and on its under mrface about the level between 
thi< middle and louest thirds. Several large branches — 
il<ii»tly tvco — ruu nearly parallel tonards both ends of the 
Ttiu-u^le — tiro lonfi;er, towards the upper end of tbv muscle 
^— and two or three shorter, towards iU lower end, the 
hilter folloBJnjt a, slightly more oblii[uo course. Niimeroiw 
lintiches fonn elongated quadrilateral niesbes. At two 

iioititH in the muscle, towards Eta ends, there are more line 
•ranches than elsewhere. Tlie fibres form ploineeB and 
divide. Note xpecially that the knee and ]>elTic ends are 
ilemiil cf ixerre-fibres. 

13, Motor Nerve-EndingB.—(i,) Take a thin mnscle, 
f.^., the cyc-niuscles or iiitercostiil muscles of a sniall 
inaninial, the thin leg muscles of a lizard, or the thin 
I'UtHncoiis muscles which pass between the skin and tlio 
wall of the elicst in snakes, and eCain them with gold 
'hbiridu by the formic acid gold chloride method (p. 79). 
'i'lii'y must remain in the ^old solution abont one honr. 
The gold may he rwJiiccd, either ir — *"- — i'-'- 
acctic acid, l.y ei(H»! 
25 |H-r cent, formtc ai 

(H) Tease a jiiece of the purplisli-violet muscle in 
(jlyceriiic, and search for a pnr[de nerve-fibre termination 
in an arboresci'iit branched eud-plate lying on the sarcons 
substance of the muscle (lig. 304). Nuclei are prescut in 
the i>ruta;dasm of the end-jilate. 
(if.) Qolgl'i Method.— Place the muscles of a newly. 
Kio. joj-yDirtrtim- killed lizanl for a minnto or two in a .j per cent, solution 
Mlwes' In'^HHi "^ arsenic acid, and directly afterwards in a solution of 
rtog"» HartiiriuB. -S p'' csnt. siilulion of clilorido of gold and (Jotassium for 



Low 






TIte lissuo is the 



5-30 ininntcs, and reilnco the 

cent, solution of arsenic aciit. 

Mdutiou, use the following mix 
Arsenic acid (.5 per cent.) 
Osniic acid (3 jier cent.) 
Ohloriilonfgoldand {wtoxsi 



Instead of the above gold 
uro, devised by Kiihne : — 

M, (ijH-rcent.)! iz "„ 
d, and reduced by exposnre 



Mcthjiic alc'oh 
Water 






In working with solntiouHof gold, do not uaci .. ._ 

1k! cither glass, idadnutn -iridium, or the suhatance known a:. 

In liirds, reptiles, and mammals the nerTo-fihres terminate in " end-platea," 
wliii'h are disR-shajied liodica lying under the sarcolemma, I'.e., they are hypo- 
li'mmal in jioMtinn, 40-Go /u long and 40 /< broad. They consist of a finely 
f^nular jtrotoplnsin with nuclei. As thf gold chloride stains only the axis- 
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1 »j — T nn n -riliTC in End PUtu of & Liiinl'a Mi 

■tniiKle naf W. ] pa 1 ] ut ioIntioTii>raiiIiiliatBnfiron oi 
i" J) a ro kuh M 

It FroKlMoto Kervfl-EndinfB T 



d p 



n h ped bra hes 



d h i 



3 'laj. 



NBTTes n T nd n T 
be by gr n h 

PcrhHi'H tlio foUowmg bj Man&cdi is tbo boat . 

Plat-'fi tlic tondinoiw ends of Iho bshipIH miisclc'n of 
nibUit (or the oiiuclcated eyeliali wicU its muBcli 
uttacliBd) ill 

PotnEB bichtoiiiata (2 |>er cent.) 

Acetic or araenic aoii! (i pec eeii . ,, _ 

Gold clilorido (r per cent) ... ,, i 
Wnah and leave exposed in suiilifjlit in i i>i^r e 
a viiikt-blne cnloiir. 

le. Pyrifonn Nfirve-OeUs (Frog).— These ^ . .. 

^^in<,']ioii of the vagus as it issues from tbe akiill. Pitli a fra^. dislelid llic 
nwipliajjiis !iy piisliiiig a small teBt-mbe into it, place tlic frog on its lielly, 
reflect tlie skill over tlio HholiUer-bladp, divide the trnpeziiw and remove the 
rore-litDb. Tbe vngus will be seeo coiiiittK oat, nlong with tlio gliinso-ptiaryii- 
geal, through a largo forBmoii ininicdiately in front of the occipital condyle. 
Clear away the muscles from tlie region of this foramen, snip aud axcine a 
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h pilatinoua afmi -transparent ginglioj 
tlic Kanjtlioii anil ]>laca it for twenty minute* in i percent osmic acid and then 
Htain it in iiicro-c«rmine. Teaac a amal! piece in jflycerine, and it is by no 
means iliHIi'ult to And nyrifurm cella, each with a large nncleug, usnslly near 
Iho liroad end of the cell. The protoplasm freqiieutly contains large rofractile 
(n^uules. The straight profess from the cells is rradilj seen, and nitb care 
the spiral proceiia also can be seen. 

Tlie mcthvleue-btne metliod (p. 192) shans very well the straight and the 
si.iral lihrf. ■ I'l,.cr thp fresh tissne in the methylene fluid. 

17. laolalfld Cells of Sympathetic Gtuiglion (HtuDlnal). — (a.) Tease a syni- 

jbttlietic (rviio'ion — '"^^ lone after macctstion for 24 hoim in weak acetic ai;i-i 

[x Jropa t»> 100 water) To isolate a cell showing its connection with a 

nerve fibre requires much patience. 

A. (ft ) Place a small piece of the .superior 

cerncal ganglion of a rabbit in J jicr cent. 

osniic acid for 3-3 hours. Lrave it in watiT 

for a. day or two to macerate, and then 

tease it m diluted glycerine. A better plan 

IS to make an interslitial injection of the 

osmic acid. It requires to be carefully 

tensed to get isolated cells showing several, 

nerve fibres passing off from tbem. 

(H) Nota the siiherioal cell, with a 
nucl «ted capsule. It gives off many pro- 
cesses each of which becomes continuous 
with a n rve-libre, i.e., it is muUipoUir. 
These cells in the rabbit uenally contain 
two nu lei (fig, 206}, 

(c ) Double Imioegnation Method of 
Bani6n y Cayal. —It is better to use the 
sympnthotic ganglia, e.g., G. stollatum of 
ombrjoa (dog, rabbit), or those of new-bom 
LiTmnls The fresh ganglion is placed in 
C olgi s bichromate -osmic ncid fluid (3 days), 
then wash it with distilled water and after- 
Tard itli .75 {ler cent, silver nitiate. 
Leave it for 1-2 days in fresh silver nitrate 
( 75 per cent.). Wash it agwn, and place 
It again in osmico-bichromatc mixture (4- 
4i daj^s), and then again in silver nitrate. 
Sometimes even a "trebleimpregnatioi 




t n 



T'S.S"«"''ni'^8! " imp logiiaf 
'r tlicae lll>Tesi »n. Onyol, who 



'fill. Tliis process — "intensico" 



dobia ■•— wa owe to R. y 
has obtained good results with 
" •" i[i aim so has Ij, Sala,' whose paper' 

contains figures of his results and a resume 
f he 1 tira ure. lie finds that tlie cells are multipolar with n single 
brand od p ocess and nuuieruus branched i>rotoplaRmic processes. 
18 Methylene-Blue Method. — This is an ailmirable method, and dujiands 
on the fact tl at this substance stains blue the axia-cylinders or fibrils of 
ne vas I mvo It is ap]>lieable for studying the terminations of ncrve-fibres 
n any tisB e vhera they terminato. and also for the connoction between nerve- 
fibres and ncrve-cclls. Whi^n injectud into the blood-vessels of an aqjmal, it 
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;, p. 139. 



XIX.] 



THE HEART AND BLOOD- VESSELS. 223 



acts on the nerves, and on the latter being exposed to the air they become 
bine. It may also bo applied to fresh tissues. 

Inject some of the following solution into the blood-vessels : — 

Methylene-blue . . . . i gram. 
Normal saline .... 300 cc. 

Or introduce a 3 per cent, solution, or even the solid substance, into the 
lymph-sac of a frog. After an hour or two, expose a muscle to the air, 
or use the cornea, or any other tissue with nerves in it, and on examining 
it under the microscope the nerves will be found stained blue. To preserve 
such specimens, mount them in a solution of picrate of ammonia and glycerine 
(p. 192). Fresh tissues, e.g.f cornea or a thin muscle, may be immersed in a 
weak solution of methylene-blue with the same result.^ 

The methylene-blue method may be used for the study of nerve terminations 
in any organ, e.g.^ the sense organs, and in arteries one can see most beauti- 
fully the plexus of nou-medullated fibres in the muscular coat. 

19. Nerve-Cells of Crayfish. — Select a small individual and inject into its 
abdominal cavity i to 2 cc. of a 0.2 percent, solution of methylene-blue. 
After 8 or 10 hours, remove the chitinous covering over the gaugliated nerve- 
cord and expose the latter in a vessel, which admits ah* and yet prevents 
evaporation. In 24 hours or so excise a ganglion and observe it in a drop of 
glycerine tinged with picrate of ammonia (Eetzius). 



LESSON XIX. 
THE HEART AND BLOOD-VESSELS. 

Heart. — The wall of the heart consists of — (i.) Pericardium; 
(2.) Myocardium; (3.) Endocardium. 

The pericardium covering the heart is a serous membrane 
composed of fibrous tissue, with numerous elastic fibres, and covered 
on its free surface by serous endothelium. It is sometimes called 
epicardium. The fibrous tissue is continuous with that wliicli 
invests the bundles of muscles of the myocardium itself. Under- 
neath the epicardium are the blood-vessels, nerves (ganglia), and 
the lymphatics. 

The myocardium is composed of striated muscular fibres, whose 
cliaracters have been described already (Lesson XVI. 12). The 
fibres are arranged in bundles separated from each other l)y a 
greater or less amount of connective tissue, in which run the blood- 
vessels and nerves. 

The endocardium in structure resembles the pericardium, but 
it is thinner. It consists of a fibrous basis, with elastic fibres 
covered by a single layer of endothelium. It contains a few smooth 
muscular fibres. 

An artery consists of three coats : — 

(i.) Tunica intima, or inner coat, composed of a single layer 

^ S. Mayer, Zeitsch,/, wiss* Mikros.^ vi. 422, 1889, gives numerous references. 
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of ('nilr>th«)ium rrsiing on an dastic lamina compoaed of elastic 
iit'tworks, or an eliutic mcmltmne. In many arteries, however, 
thf^re iM a layer of connective tissue between the epithelium and the 
clastic laniiiia^tiie Bulr-ej>itlieti(il layer. 

(2.) Timica media, or middle coat, consists of a varying number 
of layi'ta o( circidarly-disposed, short, smooth, muscular fibres ; 
but in most arteries, and chieily in the large ones, it is intermixed 
with elastic filires or lamina. 

(3.) Timica adventitia, composed of fibrous tissue with elastic 
fibres, thi' latter es]iecially numerous near the middle coat 

There are, however, great variations in structure in arteries, 
according to their size and other conditions. 

Veins. — Sjienking broadly, the veins have the same geneml 
structure as the arteries. Tliey are, however, much thinner, antl 
some of them have Talvea, They consist of three coats ; the inner 
coat is thinner than in arteries, and the clastic lamina thinner 







and often incomplete. The shape of the endothelial celts is dilFerent 
(fig. 213, V). The middle coat is also thinner, and has less 
muscular and elastic tissue, and relatively more connective tissue. 
Tlie outer coat is relatively very strong, and is composed of fibrous 
tissue, which sends i)rocesses into the middle coat. Tliere are, 
however, great variations in the structure of veins. 

Capill^es. — They form networks of fine tubes of uniform 
diameter, siifticieiit to allow blood-corpuscles to pass along them 
freely in single file. The arrangement of the network varies in 
different tissues. The walls, when examined fresh, appear to be 
honiogc neons, but thoy are composed of flattened epithelial cells 
or endothelial cells united to each other bj their edges by cement 
substance, which is blackened by silver nitrate. 

1. Heart, — Harden small pieces of the heart (human) in alcohoL 
Stain a small piece in bulk in borax-carmine, and then place it for 
twenty-four hours in acid alcohol. It is best to cut sections by the 
paraltin method and mount them in balsam. A very instructive 
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3 to make a transverse section across both ventricles of 
mil mammal, e-g., guinea-pig. This ie best done 



preparatio 

the heart of a 

in a heart stained in bulk. 

Sections may be cut by means of a freezing microtome, and then 
stained with picro-carminej and mountud either in Farrant'a solution 
or balsam. la both caeea it is well to in(:lu<l6 a section of the peri- 
cardium and also of the endoi.'nrdiuni. Tiaasvoise sections of the 
papillary muscles aie very iiistructiTO. 

(a.) (L) Observe the branched and anastomosing fibres, but in " 
addition some of them ivill be cut obUqudy, ami others trans- 
versely, with the nuclei etained (comp. p. igg). 

ip.) (H) The faint transverse striation, short branches, absence 
of Eureoiemma, the nucleus in the substance of the tibre, and the 
indistinct cement substance (lig. Z07). 

(c.) The fibrous character of the pericardium, which sends fine 
septa between the bundles of muscular fibres. If the pericardium 
be not included in the section, still connective tissue will be seen 
between the bundles of fibres, especially in transverse sections of 
tlieae (fig. 207, B). 

2. Purhmje's TibreB (H) occur under the endocardium in tlio 



heart of the sheep and some other 
sheep's heajt, observe the network 
of fine glistening lines ; strip off the 
endocardium, snip out a little pici 13 
of the heart-muBcle, and place It fir 
thirty-siK hours in dilute akohol nr 
S per cent, ammonium chroniite fni 
two days. Tease a very smill piLLu 
in picro-carmine, and mount in 
glycerine. 

(a.) Search for isohted jralygonal 
cells, each with usually two nuclei, 
and the edges only of the cells 
stiiated. These are heart-cells ujj- 
parently arrested in the process of 
striatiou (fig. 208). 

". Endocardium (H). — Uarden 



.tricle of a 




human heart in alcohol 
include the endocardium. 
{a.) Observe oval nuclei 



part of the ventricle of the 



potassic bichromate. Make sections tc 



n the surface, the nuclei of the endo- 
thelial cells. Under this a superficial layer of fibrous tissue (fig. 
209, a), with a few smooth muscle-cells (ml), and uiidtrnsath tbiu 
filwous tissue the basis of the membrane ((c). 

ill) Outside this is the myocardium (mc). 

TT.S. Heart-Valve (H)-— Harden a cusp of a human tricuspid 
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valve in cliromic and spirit fluid (two weeks), make transverse 

sections, Htain in li^woml, and mount in balsam. Alcohol does 

well as a hardening re- 

--'" -- - ..^^ ^;ent, and the aecUona 

" , - - ~~^~ ' - . "..■■■-.'..,■■.. '^'^ ^^^^ ^ readily 

'■'"'*-■ ■•'-' * .-••■-..>".'. %''*r stained in picro-carmine, 

s ,-r.— -;i:^-^^;^v^^=i==^^"!^s5=^^ (**■) On the surface, 
*!•?. j^^ ^^^^ '^J^^^ ^^'tJ^S^garaEimi:^^ toward the auricle (A), 

fci?^^^^^JBWi^^^^^^^Bi note a superficial layer 

^^^^ ""' of lamellated connective 

"°'a!^ir^d5^'""IlftViooM™".^£"flb!S?' tissue, which is covered 

ft KatH-iiruiaicU niiruua tiuuv ; wc Uouia oi with endothelium (Bg. 

''™"' '• '50- 210, 11,) and underneath 

this a fibroTis basis with elastic fibres (re). 

('>.) If the section p;i8aea through the insertion of one of the 
chordffl tendinoai, it presents the appearance shown in fig. 210, ct. 

6. Aorta.— (i.) lluke transverse (and longitudinal) sections of 
the human aorta, or of that of an ox, which baa been hardened in 
uli-ohol, or, preferably, in 2 per cent, potaasic bichromate (ten days). 
Stain a section in picro-carraine, and mount it in glycerine. 

(ii.) Another good method is to slit up any large artery, pin 




it, inner surface upwards, upon wood. The pina must be close 
together to prevent too great shrinking of the tissue. Place it in 
a dry, well-aired place, say near a fire, so that it dries within a few 
hours. Make transverse aectiona with a sharp razor. This is best 
done bylnakirig a slit in a cork and clamping the dried membrane 
in the slit. J'lace the sections in water ; they swell up greatly. 
Remove them, stain with picro-carmine, and mount in formic 
glycerine. 
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(«.) (L) Observe the subdiviaian into three coats ffig. 211), the 
tunica intima (iuner), media (middle), and adventitia (outer). 

(/(.) (H) The inner coat ie lined by a layer of Bquamcd, whose 
nuclei may be detected as slight oval swellings (not seen in the 
dried apeeimeti). Under this several layers 
of yellow elastic membrane, with a small 
amount of pink-atained connective tissue 
between them. The outermost layer of 
elastic membrane is generally thieker than 
the others, and marks the outer limit of this 

(c.) The middle coat, eoiapoaed also of 
numerous elastic lamiiite, stained in this case ^""^"'"ii^'Ml I'n ^' '"i 
bright yellow, and between them patches of c, EiieniBi coat, 'x ™. 
smooth muscle with a somewhat brownish i^ »d'd bi^"^^*' 
lint, and some connective tissue stained 
pink. The colour of these two tissues is quite distinct. 

(iZ.) The outer coat, composed of white fibrous tissue (pink), 
some elastic lamime, and a few smooth muscular fibres. 

It is obvious, therefore, that elastic tissue enters largely into the 
etracture of the larger arteries. 

6, Fenestrated Membrane of Henle Tear off a thin lamella 

from the inner surface of a large artery, e.r/., the aorta of a sheep. 
Irrigate it with acetic acid, or place it 
in 35 per cent, caustic potash, and 
mount it in Farraat'a solution. 

(H) Observe the elastic laminie, 
some of them with holes in them 
(Bg. 1 23). These laminte tend to 
curl up at their edges. (See also 
Lesson X, 7.) 

7. T.S. Medium-Sized Artery, e.y., 
tliG femoral artery of a child, prepared 
and stained as the aorta. 



1 



^.,- 



(a.) (L) Kote the three coats. 
'■ ■ (H) "" ■ ■ ■ ■ 



^S^E. 



(b.) (H) The inner coat, with its r:^'-;"~; ^. _. ,,iM 

endothelium and internal elastic *"». m.— i.s. Ariciy. /. Tnnjiai 
lamina. In many arteries a layer of '"'"^i *■ M'=J"i ^-Erfetaa, 
BuWpithehal connective tissue lies between the endothelium and the 
elastic lamina. The elastic lamina is thrown into folds in an empty 
artery owing to the contraction of the middle coat (fig. 212). 

(e.) The middle coat is composed of several layers of smootli 
muscle aiTanj,'ed circularly. In a Canada balsam preparation the 
nuclei stand out distinctly. Amongst the muscle-fibrca are twisted 
elastic fibres (li^ 212). 
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('I.) The onter coat, chiefly coiii])(«ed of white fibrous tissue 
intormingled with elastic fibres, some of which are cut trans- 
versely. The elastic fibres are more numerous towards the inner 
])art of this cost Here and there a section of a blood-vessel may 
be seen. 

8. Endothelial Lining of Veins and Arteries. — Cut open the 
external jugular vein of a mbbit just killed. Pin it to a piece of 
cork — inner surface uppermost — by means of hedgehc^-spines. 
Wash the internal surface with distilled water, and then apply 
to it for five minutes ^ per cent, solution of silver nitrate. "Wasli 
off the sih'cr, place the vein in water or alcohol and water, and 
expose it to light- Do the same with any lat^e artery. 

(A.) Snip out a small portion of the vein, and mount it in 
balsam, inner surface upjtermost. 

(H) Observe the "silver lines," indicating the existence of a 
layer of polygonal squaraes composing part of the inner coat. The 




long axis of the squames lies across the long axis of the vein itself 
(fig. "3,V). 

By focussing through the thickness of the wall, narrow fusiform 
areas, bounded by black lines, may be seen, indicating the existence 
of the smootli muscular fibres in the middle coat. 

(B.) With a razor shave off a thin layer from the brown inner 
coat of the artery. Mount it in balsam. 

(H) Observe the elongated lancet-shaped endothelial cells (fig. 
a 13, A); the long axis of each cell in the long axis of the tube. 
The variation in the shape of the epithelial lining of vessels seems 
to have relation to the velocity of the blood-stream in these 

9. Pia Hater, Capillaries, Small ArterieB, and Veins (H). — 

Carefully remove a small piece of the pia mater from the brain of 
a sheep recently killed. Lay it on a glass plate, outer iurface 
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lowest. With a camera-hair pencil dipped in normal saline solution 
brush away all the brain matter, leaving a somewhat villous-looking 
surface. Cut out a small part of the membrane, aud mount it in 
normal saline. 

(a. ) Find a capillary, note its dinmcter, uniform cahbre, and oval 
nuclei bulging sliglitly into the lumen of the tube. 
The rest of the wall is homogeneous (fig. 214). 
Trace it backwards until the small artery or arteriole 
with which it is continuous is found. 

(b.) A small artery or arteriole with a thin ^^_ 
outer coat, and a middle coat composed of a single ^ 
layer of smooth muscular fibres arranged circularly Fio. 

(%. "6). . &,;,'„-- 

(c.) Select a small vein which is somewhat 
thinner than the correspondii^ artery ; the muscular coat is very 
imperfect Irrigate with 2 per cent acetic acid, ifuclei wherever 
present come distinctly into view. 

{(/.) The oval nuclei of the lining endothelium, the long axis of 





the nuclei in the long axis of the vessel. Outs de th s the elastic 
lamina appears as a somewliat refractive e b a e tl I 
tudinal folds. 

(e.) The vessel crossed transversely by tl e In g o 1 1 
the muscular fibres of the middle coat (fi 2 6) Note 
ctwes they are not distributed at equal d stances b t gr I -^ 
(fig- 215). One point must be particularly stdlvrtof s 
through the thickness of a small vessel, a 1 ob.ie ve c ref lly tl 
the appearance of the vess<d v.iriea with tlie position of the b 1 
I.e., whether tlie upiier surface, lumen, or deeper jmrt of t!i" iirtc 
is in focus. 
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if.) In the outer coat the elongated fusiform nuclei of the con- 
nective tissue cells are arranged longitudinally. 

For a jwrmancnt preparation, the pia matei after being removed 
is hardened in 2 per cent, potasajc bichromate and preserved in 
alcohoL A thin piece is selected and stained with logwood or with 
cosin-logwood, and mounted in. balsam. 

10. T.S. Small Artery and Vein. — Select a small artery and 
vein, harden in Miiller's fluid, stain in bulk with hematein, and 
cut in paraffin. 

(H) Observe the three coata in each, but they are much thinner 
in the vein than the artery. In the former the intima ia very thin 
and the outer cont relatively thicker (fig. 217). 




Fro a 7 T S Smal k iters mil Vb n. J A li rT6 

11. Injection of Silver Nitrate into Blood-VeeselB. — (i.) From 
the aorta inject the blood-veasela of a rabbit with .25 per cent, 
silver nitrate. Before doing so wash out the blood-vessels with 
normal snline to remove all the blood, and then with distilled 
wab:r. Slit up the intestine, wa.^h out its contents, and expose it 
to light in alcohol and water. Scrape away the mucous membrane, 
leaving only the muscular coats. Dehydrate a small piece and 
mount it in balsam. It is easy to find large and small vessels as 
well as capillarios, 

(a.) (H) Select a small artery, and note in it the endothelial 
lining (fig. 219, E) an<l the circular muscular fibres mapped out 
from each other by silver lines (m). 
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Arterioles and Small Arteries. — (a.) (H) Select a small arteiy 
or arteriole, jv'ote, the layers slretidy deacribed. If tlie circuliir 
njuacular fibres be arranged iii one layer, note that the fihres are 
iirriuiged in alternate groups oa opposite aides of the vessel (fig. 
215. A). 

{(/.) Trace an arteriole into a capillary, and nota the change in 
structure, especially how the muscle disappears (lig, 315, B). 

(c.) Select a larger veesel, and in it olwerve the structnre already 
described and shown in fig. 2 18, 

(d.) Find capillaries, and note the endothelium of which thoy 





F ri theRabbiBBnUU 

lu IS D«. E Fn he al lurilie 
i InBoC itatnii nor fllirca ; 
Ind a d hy ill e Ihiea x »». 
21 trsM ol ■ cr 

are composed (fit;. 220), I order io s e tl e nu le f 11 ese cells, 
the preparation should be eta I w tl log ood 

(ii.) Instead of a mil t, tl e blood ea ela of a frog ni:iy he 
injected in the same way from the aorta or ventricle. Uso a glass 
nyringc. Wash out the vessels first with normal saline, then with 
distilled water, and, finally, inject the silver nittate solution. The 
bladder, intestine, and mesentery are [mrticularly serviceable for 
obtaining small vessfls and capillaries. 

12. Circulation of Blood. — A diiy before the frog is rerpiiroil. 
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lot tho hmin of the animal be destroyed. An hour before the web 
is to be examined, place two or three drops of a .5 per cent, watery 
solution of cumre in the lymph-sac under the skin of the animal's 
back. The drug should not act too rapidly. After a hour or so it 

paralyses the extremities of the motor nerves, 
and thus makes the frog motionless. A small 
dose of the drug is given in order not to 
affect the calibre of the blood-vessels. 

^lake a frog-plate by taking a piece of 
stout canlboard or thin slip of wood 1 5 cm. 
long (6 inches) and 5 cm. (2 inches) broad. 
At one end of it cut a triangular slit whose 
base is 2 cm. or less in width. Tie a thread 
round the tip of, e.g.^ the third and fourth 
toes of the hind-limb, place the frog on 
its belly on the board, and by means of 
the two threads gently stretch the web 
across the triangular slit. It must not be 
*''?;<f wirh^s'iilV^N^^^^^^ ^^rawn too tightly. The threads can be fixed 

in slits made in the horns bounding the 
triangular aperture. To prevent evaporation from the frog, it had 
better be placed in a moist cotton rag or surrounded with moist 
blotting-paper. ^Moisten tlie web with a drop of water, and cover 
it with a narrow fragment of a cover-glass. In selecting a frog, 
choose a light-coloured one. 

(a.) (L and H) Find an artery, and note that the blood flows 
from larger into smaller vessels with what appears to be consider- 
able velocity. Contrast it with a vein, in which the blood flows 
in an opposite direction, i,c.^ from smaller vessels — cai:)illaries — to 
larger ones, but the current is slower in the veins than in the 
arteries. The walls of the vein are slightly thinner than those of 
the artery. 

(/>.) The capillaries, small and of uniform diameter, with the 
corpuscles moving in single file. The flow is uniform. 

(c.) In the artericvs and veins note the rapid red central stream, 
or axial zone of coloured corpuscles, and next the wall, on either 
side, the periplioral zone or space of Poiseuille, narrow and free 
fr()m red corpuscles, but containing a few white ones rolling lazily 
along the vascular wall (H). 

(d,) If a red corpuscle happen to be arrested at the bifurcation 
of a capillary, other corpuscles impinge on it and bend it. As 
soon, however, as it is dislodged it regains its shape, so that the 
red corpuscles are highly elastic. 

{e.) Numerous pigment-cells, some of them contracted, others 
expanded, are visible (fig. 144). 
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If desired, tlie phenomena of faflammation can readily be 

studied b; applying some irritant to the web, e.g., mustard or 
creosote (one minute). 



ADDITIONAL EXEECISE8. 

13. Elastic Fibres in Arteries (MaTlinoIti). — Il&rden the blood'Tessel in 
chromic aciJ, make sactioaa, and stain them witli Bafraiiin as directed in 
Lesson X. 10. All the elastic libres are purplish or bhick. Herxheimer's 
Method (p. i6r) also yields good results. 

14. Development crfBlood-VeaselB.^l.) Harden the omentnm of a newly, 
born rabbit in Fleinming's Huid for twenty-four liours. Wash it tliorouffhly to 
remove nil the hardenin)^ solutioD, Staio a piece for 24-36 hours in sarraiiin. 
Bemove the surplus sttun in the usual way with acid alcolioL Mount ia 
balsam. 

(iL ) Kill a rabbit five days old with chloroform ; do tiot bleed it. Open 
the aMomen, remove the stomach and spleen, and attached to them the 
omentum. Place all in a saturated 
watery solution of picria acid for one 
hour ; wash away all the pieiic acid, cut 
oat a small piece, atain it in logwood and 
then with eosin, or double stain it at 
once in eosin-hematoxylin. Mount in 
Farrant'a solution. 

(a.) (H) Search for a network of capil- 
laries, which is easily found. Try to 
find one of them whit^ giTes off a long, 
narrow, blunt process. The process may ^ 
be found partially channelled <tig. 221). 
By the union of two such processes, which 
ultimately become hollow, new capillary 
arches are fotuied. The blood-cotpua:le3 in 
with eosin. 

15. Nerves and Nerre-Cells in a Trog's Heart.— Pith a frog, exjioee its 
heart, cnt away the pericardium, divide the frieuura which oounocta tlia pos- 
terior surfape of the ventricle to the pericardium ; raise the heart, find the 
einns venosiis, ligature the inferior and two sujierior vens cavaj which o[>en 
into the latter, make an incision iiit« one of tlie soit:ie, and into it lie a fine 

Eliisa cannnla. Inject normal saline so as to wash out the cavities of the 
earl Distend the heart-cavities with the following mixture ;^ Four parts 
of gold chloride (2 per cent) and one of tonnio acid boiled together and 
allowrd to cooL Ligature the other aorta, so as to get the he^irt- cavities fully 
•listendci!. Place a ligature below the cannula, cut out the heart and place it 
for J-i hoor in S 00, of the gold mixture. Oiien the auricles, wash out the 
heart in water, and expose it to light in distilled w»ter — 50 cc. — containing 
three drops of acetic ociil. Reduction of the gold takes place slowly in 3-4 
days. Cut out the anricular septum and examine it in glycerine. 

Pyriform nerve-cells, each with a straight and a spiral process, will be 
found alon^ the course of the nerves in and neiir the auiicular septum. 

The nerve-fibres in the auricular septum are readily found by using instead 
of the gold a. 2 percent, solution of osmic acid. 

The Hettaylene-blae method yields excellent results, if the fresh auricu1»r 




Blood- 



1 preparation of (ii.) arc stained 
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wptQni lie (ilaced in a weak solution of the blue, and then mounted in 
ammonium pic rate t^lycerine ([). 192). 

16. Circnlation in the Tongue of Frog.~Destroy the brain of a frog, an<l 
after a tinw curariHe it and fix it on its back on a fro^-plate of cork with a hole 
out in it juHt in front of the head of the animal, the hole corresponding in 
hize to that of tlie tongue. The tongue is attached in front, and it can thus 
rt'arlily l>e pulle<l out of the mouth so as to display its blood-vesHels from tlie 
undt-r-surface. Pin out the tongue over the hole in the cork, when the under- 
snrfacc of the tongue yriU be up^iermost. Fix tlie tongue under the iiiicra8coi)e 
and examine it (L). One can study the circulation in its vessels, and also 
oltferve nerve-iibres in their normal condition. 



LESSON XX. 

THE LYMPHATIC SYSTEM— SPLEEN— TONSILS— 

THYMUS GLAND. 

TnK lymphatic vessels liavo thin translucent walls, and in all 
cHsfiiitijil njsiK'cts resemble veins in structure. There are three 
coats in the larger vessels. The muscular fibres are abundant in 
the middle cr)at, and the epithelium of the inner coat is in some 
situations sinuous in outline. Valves are numerous in some 
situations. The larger vessels spring from so-called lymph capil- 
laries, which are usually wider than bloo< I- vessels, and they unite 
with each other and form an irregular plexus. They often present 
dilati(mH and constrictions, and consist of a single layer of endothe- 
lium with sinuous outlines. They are without valves, and open into 
the smallest regular lymphatic vessels. 

Lymphatic Glands. — These vary much in shape, size, and colour, 
but they are frequently oval or ki(lney-sliai)ed. At one part is a 
depression — the hilum — where the medullary part of the gland 
cr)mes to the surface, and where the blood-vessels enter the gland 
and the efTerent lym])hatic vessel leaves it. There is usually only 
one efferent vess(d and sev(*ral afferent lymphatics ; the latter per- 
forate the capsule and enter the gland on its convex side. On 
making a se(;tion of a gland, with the naked eye one can see that it 
is divided into a cortical and a medullary part. The gland is 
investi'd by a fi])rous capsule, which in some animals contains 
smooth muscular fibres. It consists of two layers, the outer of 
coiirser and the inner of finer connective tissue. It sends somewhat 
flattened, large, Tisually Tinbrancbed, sei)ta or trabeculfiB into the 
cortex, tlius dividing it into a seiies of compartments or alveoli 
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(fig. 222) Tlie-io trabenil'e are cuntimied into the medulla, where 
they Lrancli, become Jtrier liiid anusti moae to form an irregiilnr net- 
work. The Ijmphoid t -sne Iig3 in the mcslips of thi'' Inbeuiiar 
framework hut everywhere separated from it by a. lymph smus or 
lymph chaimeL 

In. the cortex the alveoli are arranged m a rcgulai 
the greater ] art of eich alveolus la occuj. led bv a m 1 
tissue crowded vith leucocjtes, but this foUicular substance is 
everywhere separated from the ca] sule and traheciiliB I y a lymph 
Bums, traversed by a network of hne fabnls with fluttini>l eel' 
lying on them at the p mts of mtersettion The netwn 
is coarser than that of the a lenoid tissue, and it contama 1 fe- 
lourocytei It aa well as the tnibcciiltB, la covorel by a layir of 
siniious endothelium The medulla is aho oLcupied by adei 
tissue crowded with leucocjtes, but the lymphoid tissue fi 




branching or anastomosing corda^medullary cords — each one sur- 
rounded by its lymph sinus. The medullary curds are coiitinuous 
with the folhcular substance in the cortical alveoli. Near the centre 
of the lymphoid tissue of the alveoli are cjonrer areas, the lymph- 
bnots or germ-centres. In them mitosis goes on rapidly, but it 
ri'ipiires ft high power to diseern the stages of the division of the 
niidei. The lymph Hinuses are contiimous thmnghoiit the glanil, 
and they are the channels through which the lymph moves. Some 
glands are pigmented. • 

LYMPHATIC GLAHDS. 

1. Lymphatic Glands.— liardi^n in 5 per cent, ammonium 
bid iron I ate or alcohcjl Llio lynijihatie gljinds of the mesentery of a 
cut or calf, or those found in the tieck or under the lower jaw of a 
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cat. For the germ-centres harden a small gland in Flemming's fluid 
and stain with safraniii. Make sections including both poles of the 
gland and the hihnu. Stain them with logwood and then with 
eosin. Mount in balsam. 

(a.) (L) Observe the capsule (fig. 222, c) surrounding the gland, 
and sending at fairly regular intervals septa or trabeculse into the 
substance of the gland. The trabeculse and capsule are stained by 
the eosin. The trabeculse are flattened in the outer part or 
cortex, and divide it into compartments — follicles or alveoli (F). 
The trabeculae are continued into the central part or medulla, 
where they form a network of smaller, branched, more rounded 
trabeculsB. 

(b.) The compartments in the cortex are nearly filled by leuco- 
cytes lying in a meshwork of adenoid tissue constituting the 
follicles (cortical nodules) of the cortex (fig. 222, F). Between 
the trabeculse of the medulla the leucocytes are equally abundapt. 
Owing, however, to the arrangement of the trabeculse, they form 
mediiLlary cords, but everywhere the adenoid tissue is continuous 
throughout the gland. 

(c. ) The lymph channels (s) exist between the capsule and the 
follicles, and between the trabeculse and the lymphoid tissue of the 
cortex and medulla (figs. 222, 223). They form an ana^stomosing 
system of paths or channels throughout the gland, and are traversed 
by a fine network of coarse adenoid tissue with comparatively few 
leucocytes in its meshes (fig. 223). 

(d.) (H) The capsule and trabeculse, chiefly composed of connec- 
tive tissue, and in some animals (ox) with smooth muscular fibres. 
Continuous with its under surface is a delicate network of adenoid 
tissue, which stretches across the lymph channel to the follicle, 
where it becomes continuous with the adenoid tissue supporting 
the leucocytes (fig. 223). Between the trabeculse and the medul- 
lary cords in the cortex similar lymph paths with an adenoid net- 
work. 

(e.) The follicles and medullary cords, everywhere crowded with 
leucocytes. 

2. Adenoid Reticulum. — (i.) As this is largely obscured by the 
presence of the leucocytes, these must be got rid of. This is readily 
done by making sections of the lymph gland of an ox, hardened for 
two. or three days in 5 per cent, ammonium bichromate, and then 
shaking the sections in a test-tube containing water, or the leuco- 
cytes may be "pencilled " out by a camelVhair pencil. 

(ii.) A better method, perhaps, is to inject by the puncture 
method (p. 237) a ^ per cent, solution of silver nitrate into the 
lymph gland of an ox. The fluid being driven in forcibly, causes 
an artificial oedema and forces the 2)arts asunder. Harden in 
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alcobol, Btain in logwood and eoein, and mount in balsam. The 
reticulum in tho ox has a brownish appearance from tlie depoeilion 
of a brownish pigment. Sinu- 
ous outlines of endothelial 
cells may be seen on. the tra- 
beculsc, and branched cells of 
the lymph sinus (Kg. 223), 
and even the follicular sub- 
stance. It ia continuous vitli 
the endothelial lining of the 
lymphatic vessels, 

3. Injection of the Lymph 
Obannele. — Fill a hypoder- 
mic syringe with a watery t l 
solution of Berlin blue, force g^^^ „j._Lyniph 
the nozzle of the syringe into i.yinphat ct in 
a smaJl lymph gland of an ourli^ huiI t s 
ox, and inject the blue fluid 

haphazard into the gland. The blue passes into the lymph 
cliannels. Harden in alcohol. Make s<>ction3 by freezing, stain 
them with picro-carmine, and mount in Firrants solution. 

(L) The channels are filled with a blue maas, while the leuco- 
cytes are red and the septa yellowish-red. The blue mass lies under 
the capsule, and in the lymph paths around the trabecula. !Notice 
the difference in the distribution of the blue mass in the cortical 
and medullary parts of the glanil. If it be desired to study the 
endothelium covering tho trabeculte, inject the gland as above, but 
with -^ per cent, silver nitrate, and harden in alcohol, 

4. CenlJBl Tendon of Diaphragm. — I^ve the central tendon of 
the diaphragm of a newly-killed rabbit in distilled water. Place it 
for an hour in .2 per cent, silver nitrate in a dark place. Remove 
it, wash again, and place it for twenty-four hours in water contain- 
ing a little alcoholic solution of thymol (10 percent,), or a drop 
of carbolic acid to prevent the formation of fungi. Slaceiation in 
water enables the endothelium on tlie surface4o be readily i)eiicilled 
off. Mount it in balsam. 

(L) Examine the pleural surface with the naked eye or with a 
lens, and a plexus of lymphatic vessels — clear on a dark-brown 
ground — will be seen (fig. 224), The vessels anastomose, and lead 
into narrow vessels, which run more or less parallel to each other, 
and correspond to inter-tendinous spaces. 

(H) Observe the dilations and constrictions in the finer lymphatic 
vessels, and their sinuous epithelium (fig. 225, L), and the com- 
munications between the cell-spaces and the lymphatics. (Lesson 
XL 12.) 
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5. Septum Cistenue SUgnte Lymphaticte. — Open the abdomen 



FM. 1^4— L^mphBtiL. ^a^nelBot the 'pntral Teniintr the Diaphragm ol s lUhbil, tbe 
lluiQE endolbeliiim ellOHU. Sllrvr nltniU: 

of a nuwly-killed Jrog and remove tlie iiitestines. Turn the fi-og 




„j. il Tendon of DUphragm 

veuel llQed »itli ninuous cuiigllivUum ; c, Cill-ipaiea uf cijiiiitciivn iissue. ouTer 

an its beUy. Cut through the vertebral column at its lower end, 
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raise it, and cut out a square window — alxiut | inch i 
including the whole of the posterior body-walL This exposes the 
dorsal surface of a thin membrane, the septum of the great lymph- 
sac. It is attached to the kidneys on each side. Pin the 
mepihrane, by means of hedgehog-apinea, to a, thin ring of cork 
with a hole in it. Wash the membrane with diatilled water and 
place it for ten minutes in . 5 per cent silver nitrate Bolution, Wash 
it— still on its ring of cork — in distilled water, and expose it to 
light After it haa become brown, cat it into pieces, and mount 
them in Farrant's solution, one with the peritoneal surface upper- 
most, the other with its dorsal surface uppermost 

A. (H) Peritoneal Sur&ce.— Observe the slightly 1 
"silver lines," indicating the existflnce of 
a single layer of endothelium. Here and 
there small Btomata or openings, which 
lead from the peritoneal cavity to the great 
lymph-sae (fig. 226). The stomata may 
be closed or open, and are recognised by . 
their brownish appearance. They are sur- 
rounded by a few finely-granular brown- 
stained cells — genmnathig epithelium. 
The pointed angles of several of the larger 
endothelial cells radiate from these aper- 

Focus through the thickness of the 
membrane, and note its fibrous character. I 
On the deeper surface another layer of 
endothelial cells comes into view. They 
are more sinuous and narrower than those 
on the peritoneal surface. 

B. The Dorsal or Cistemal Surfiice. — Observe the 
polygonal, and broader endothelial cells covering this surface of 
the membrane; and the other- openings of the stomata. 

The serous cavities communicate by means of stomata vdth. ths 
hjmphaiie system. Stomata occur on the pleura, undcr-surface of 
the diaphragm, and mesentery. 




Endotlielium and 
or the FerituDeHt 
sf the 3«p(iimCte- 



THE TONSILS. 

6. Tonsils. — Use those of rabbit or cat, as the human tonail 
does not give such good results. Fix them in Kleinenberg's 
fluid (13 honrs), and then harden in gradually-increasing strengths 
of alcohoL Or use mercuric chloride or Flemming's fluid (3-6 
hours). Make sections by the parafiin method, and stain them 
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nith lo^'wood OF logwood andeoein, and mount in balsam. ScL-tioDS 
iiijiy 1x3 Btainod first in acid-hoematoxylia and tlien counter stain 
them with eosiiL For the lymph-knote or germ-centres stain with 
sofranin and counter stain vrith picric acid. 

For fixing the sections on a slide, Gulland ^ uses s modilication of 
the capillary-attraction method of Gaule. The sections in parafiiu 
are plitced in warm water aa recommended by Gaskell.^ Float the 
wctions on to a Blide, jKjur off the surplus water, and expose the 
Hliile for eevenil hours to a temperature under that of the melting- 
]Hjint of tlie embedding paraffin. Wlien dry remove the panifliii 
by xylol and then stiiin tlie sections. Xliey adhere to tlic slide by 
capillary attraction. 

(L) Ubsi'r\'e on the surface the stratified squamous epithelium, 
and under it nnmerou* rou)id or oval a^g "legations of adenoid tissue 
(tig. 227). These form but im]>erfect nodules. Pit-like recesses 
are seen, Iine<l by stmtilicd e]>ithelium, and into them, mucous gluiids 
sonic limes o]icn. 

(H) Trace some of the leucocytes of the adenoid tissue upwards 




;j,— SlnirlB FnlllclB of Tonall x ao i Caiity o( lolHele 3 EpIiheKnm Inn 
lied with le crocyles 3 A Irnold tigtne /i, s and 1 IidLILcIls cut in varloi 
-crtlarit,/] utth a lyaiihkuut ^. Flbroua iheath ;. SecUonot duct ul mucai 



between the epithelial cells, so that the epithelial layer is at ploc 
iufiltrated with leucocytes. 



a.] 



THE THYMUS GLAND. 



THE THYMas GLAND. 



This gland ia very liirge in the embryo uud iiifjiut, but it begins 
a retrograde development about the eixtli year, imd is eventually 
replaced by fat smd connective tiasae. In the rabbit it retains ita 
structure. It is composed of a number of lobSB, and these again of 
szualler lobuleB. A capsule composed of connective tissue holds 
all together, and sends in septa — carrying hiood-vossels and lym- 
phatics — between the lobes and lobules, aiid also fine prolongations 
Into the interior of the latter. There are no smooth lnusl^ular libres 
in the &e\M. Each lobule consists of a cortical and a medullary 
part. "Witliin each lobule ia a delicate network of reticular con- 
xioctive tissue, finer and more like adenoid tissue in the medulla. 
It appears to consist of branching cells, and is coarser in the cortical 

part. The meshes are crowded 

■with leueoeytes, which, liowever, 

are most abundant in the cortex 

The medullary aubatance loo tains 

the concentric corpuscles, hke 

nests of coiieentrieally-arranjjed 

flattened epithelial cells (fig 21S) 

The hlood-vessela run along the 

septa and form a capillary plexus 

within the lobules. 

7. Thymus Gland. — Harden , 

tlio tliymiia of a young animal 

or chDd in Miiller's fluid (three 

weeks), and then in graiiually- 

increosing strengths of alcohol Sections stained with logwood are 

mounted in balsam. 

(a.) (L) Observe the capsule sending septa between the laiger 

lobules, and finer septa into the lobules, thus subdividing them into 

smaller secondary lobules. Each such smalt lobule is about 1 mm. 

in diameter, and as one ia exactly like tbe others, it suffices to 

{b.) A liarker, denser peripheral zone, the cortex, and a more 
open light central juirt or medulla, tlic former surrounding the latter 
{fig. "8). 

(c.) (H) The sspta consist of fibrous tissue with s 
fibres, with nunierona blood-vessels and slits ; the latter n 
lymphatics. The lobule consista of ade.noid tissiu;^tlie 
not visible beuause it ia crowded with leucocytes. 




a ni ^^.cUuii Hi a Few LiLd] h ii[ a 
Cbll I B Thymus C CortEcsl, M Medul- 
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(d.) A variable number of eoQcentrically-striated bodies, con- 




centric corpuscles or Hassall's corpuscles. Sections of capillaries 
nnioii'.'st tlic mienoid tissue (fig. 230). 



THE SPLEEN. 

The epleen, like the thymus, thyroid, and some other glands, 
is ji "ductless glnnd," and is invested by a fibrous capsule. The 
capsule consists of an outer layer of connective tissue coveted by 
endothelium — the serous or peritoneal covering — and a deeper 
layer of connective tissue with networks of elastic fibres, ond in 
some animals (dog, eat, pig) smooth muscular fibres. From the 
deeper surface of the latter flattened or rounded trabecul(e pass into 
the organ, and as they do so they branch and nostoniosc, tlius 
forming a spongy ineshwork witli a labyrintli of communicating 
RlJaces, Tlieso spaces are filled with a reddish -purple soft substance, 
the splenic pulp. The blood-vessels are enslieathed by connective 
tissue, to whi::h the traljeculiB are attaclied. The red colour of the 
piilj) is due to the largo number of blood-corpuscles. Tlie tiabe- 
cular framework is continuous with the connective tissue entering 
the organ along with and covering the blood-vessels — "adventitial 
sheath" — at the hihim of the oi^an. In the splenic pulp are small 
spherical whitish bodies — Malpighian corpuscles (0.2-0.7 mm.). 
The llalpigbian corpuscles are small groups of leucocytes de- 
veloped here and there in the adventitia of the splenic artery. 



xx.] 



THE SPLEEN. 



Mi 



In the guinea-pig the lymphoid mass lorms almost a continiioiia 
covering. 

The Malpighian corpuscles occur chiefly at the bifurcationa of 
tlie artery, so that the artery perforates them usually at one side, 
and thus the mass is arranged iu a loh-aided manner on the artery. 
In structure they resemble the follicular substauce of lymphatic 
glands, and in the centre of some of them is a lymph-kuot, in which 



I posed of branched 



The splenic pulp consists of a u 
cells with membranous expan- 
sions, and the processes of ^ 
neighbouring cells anastomose 
to form a fine reticulum, which 
oi'cupies the irregular cham.ber3 
of tho trabecular framework, '' 
and with which it is continu- 
ous, The nieshea of this fine 
network are occupied by cellu- 
lar elements in considerable 
variety. This reticulum ia per- 
meated by blood-corpuscles— in 
fact, the blood stream of the „ 
spleen seems to beat the same 
relation to this reticulum that 
the lymph stream bears to a ^^P- 
lymph, gland. Besides red 
blood - corpuscles there are 
larger cells called splenic cells ; Trabtcoin. - 
some of these often coutain 
degenerated blood-corpuscles or 
pigment. There are idso leuco- ' 
cytes (fig. 23a). The arteries 
enter the spleen at the liilum, 
and run for a short part of '''''jiuito^itii^hx-unUi^j-'li'D™^!^'''''' 
their course in the trabeculfe, 

.whicii they soon leave, enter the reticiiluni, ami lirnak up into 
pencils or groups of small arteries. Some of these open hito true 
capillaries in the Malpighian. corpuscles ; other fine branches open 
directly into the reticulum. The endothelial lining, instead of 
finrming a continuous membrane, leaves apertures between the cells, 
through whi'rh the blood escapes. Tho veins arise from the spaces 
of tho reticulum, and rapidly pass into the trabecuhe, in which they 
are firmly fixed. Near the hilum, and for ]iart of their course, the 
arteries and veins lie in a "common sheath," with the currespondin 




The 
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artery. The lympUatica are not very numerous. For the nerves 
Bee Lesson XVII. 7. 

8. Spleen. — Tie the blood-vessels at the hilum of the eplcen of a 
cat, so as to keep the blood in the spleen. Cut it out and place it 
in a lui^'c volume of Sluller'a fluid (two weeks) or 2 per cent 
biclironiate of potash. Wash it thoroughly in nuining water for an 
hour or two. Cut out small pieces and liarden them in alcohol. 
Make transverse sections, i.e., across the long axis of the organ ; 
stain one in logwood, and mount in balsam. Other sections are to 



1 Farrant's solution, and 
i acid (twenty-four hours), and 
3 sharpens the outlines of the 
osin-logwood or eafranin (forty- 



lie stained in jiicro-carmine and I 
a tliin Bct placed in i ])er cent, os 
mounted in Farrant's solution. ' 
elements. Stiiin other sections i: 
eight hours). 

9. T.S. Spleen (L) {Oal; InematoTiiUn or eosin and himnatoxylin). 
— The Slalpighian corpuscles are visible as small blue spots to the 
naked eye. 

(a.) Externally the cspsule, fibrous, thick, firmly adherent and 
closely applied to the oi^n, sends trabeculsB into the spleen, where 
they branch and anastomose to fonu a trabecular framework. Some 
of Uiem will be cut longitudinally, others obliquely, and some trans- 
versely. In the larger trabeculae, sections of large blood-vessels 




Via. 331.— Elementa at Hnman Splenic 
Pu!p. 1. Leucocytes; a. EplOieltal 




(fig. 231). Note that there is no lymph space between the capsule 
and the gland substance, as is the case in lymph glands. 

{h.) Filling the interstices of this network, the Splenic pulp, and 
in it oval or rounded bodies — Halpighian or splenic COrpUBcIei! — 
OS blue-stained bodies contrasting with the yellowish brown pulp in 
which they lie. In the centre of each is a lighter ai-ea, the "germ- 
centre" of Flemming. In each corpuscle a section of a small 
artery lying excentrically in the mass. The splenic corpuscles are 
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small lob-sided aggregations of lymphoid tissue around branches of 
the splenic artery. They are relatively more numerous than in the 
human spleen. The track of the blood in the pulp is mapped out 
by the yellow blood-corpuscles. 

(c.) (H) The capsule and trabeculae, composed of fibrous tissue, 
with elastic fibres and smooth muscle. The Malpighian corpuscles, 
consisting of leucocytes in an adenoid reticulum. The centre is 
iighter in tint than the circumference, wliich is more condensed. 
The lighter centre is due to the larger cells present there. They 
tare undergoing proliferation. The cells formed in the splenic 
corpuscles pass into the spaces of the pulp and leave the organ by 
the venous blood stream. 

(d.) In the pulp irregular rows of coloured blood-corpuscles — 
yellow — and between these leucocytes and other cells. 

The exact structure of the pulp can only be properly studied in 
a section which is very thin, and especially at the edges of the 
section, or best of all in a section of a dog's (or cat's) spleen, whose 
blood-vessels have been washed out, and cleared of all blood- 
corpuscles by a warm stream of normal saline solution. The 
vessels are then injected with a 5 per cent, solution of ammonium 
bichromate, and the organ hardened in a large quantity of the same 
fluid, and subsequently in alcohol. 

(e.) In a section prepared in this way, or at the edges of a very 
thin section, the fine reticulum of branching cells may be seen 
(fig. 233) with the cells of the splenic pulp washed out of it. 

10. Human Spleen. — Harden this in the same way as 8. Note 
that, as a rule, the Malpighian corpuscles are less numerous. In 
other respects the general structure is the same. 

11. Injected Spleen. — It is very difficult to inject the finer splenic 
blood-vessels. They should be washed out first with normal saline, 
and preferably a watery solution of Berlin blue, or Berlin blue with 
gelatine, should be used as the injection. Note that an artery and 
capillaries exist in the Malpighian corpuscles, but the splenic pulp 
seems to be infiltrated with a blue mass. The capillaries open into 
this system of labyrinthine blood-passages. These intermediate 
blood-passages are merely the spaces amongst the cells of pulp and 
arc not lined by epithelium. The terminations of the capillaries 
in some situations are surrounded by thick sheaths or collars of 
tissue, perhaps derived from the cells of the pulp (Bannicartli)} 

12. The varieties of Leucocytes in lymph glands are best studied 
by fixing the gland in Hg Clg and staining sections with Ehrlich- 
Biondi liuid {lloyer),^ There are at least four varieties, not including 
phagocytes. 

' Archivf. mik. Anat, xxxviii. p. 345. ^ Ibid., xxxiv. 
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LESSON XXI. 

TONGUE— TASTE-BUDS— SOFT PALATE. 

TONGUE. 

Place small jwrtioiis in Miiller's fluid or 2 per cent, potassic 
bichromate for fourteen days, and compiete the hardening in 
alcohol, or harden it in mercuric chloride. Make vertical trans- 
verse sections. It is well to have the tongtie of a small cat or 
kitten, and jjarte of the human tongue also — the former hecause a 
complete transverse section can be put on a slide. The structure 
wiil vary according aa tho section is made through the anterior ov 
l>osterior ]iart of the organ, aa the latter contains many lymph 
follicles and mucous glands. The sections may be stained in 
logwood and mounted in balsiim. 

L T.S. Tongue of Cat.— (a.) (L) Observe the papHlse, of various 
1 the dorsum of the tongue, and covered by stratified epi- 
thelium. Under this the 
connective tissue of ths 
mucous membrane (fig. 
234). 

(b.) Husciilar Fibres. — 
Many cut transversely and 
arranged in groups under 
the dorsal mucous mem- 
brane and elsewhere; others 
which run from the vertical 
mesial plane or s/^pfum liori- 
zontally outwards, and some 
which pass vertically. The 
last may be seen to become 
conical and end in the connective tissue of the mucous membrane. 
Some of these fibres branch, (The methods of isolating branched 
fibres are referred to in Lesson XVI. 3.) 

(<■..) Lingusl Fapillee. — The dorsum of tho tongue is beset with 
elevations-of the mucous membrane covered by stratified epithefium, 
and constituting three varieties of ]>apilltB. 

(i.) FiUfonn (.7-3 mm long), by far tho most numerous, and are 
placed all over the dorsum. They are conical elevations of the 
mucous membmno, the \ii)pcr end of which is beset with five, fifteen, 




xxi-i 
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or thirty secondary papiUse. Each jjapilta is composed oi fibrouB 
tissue witli elastic fibres, and covered by many layers of stratilied 
epitheliuni, the superficial cells of wliicli are often corneous (fig. 235). 

(a.) Pmigifornno.5-1.5 mm. long), are not nearly 
as the foregoing, and are Bcattered over 
the dorsum. Each papilla is club-shaped 
or lenticular, with a constricted base. 
The apex is beset with secondary 
pai>ilISB, but the epithelium covering 
them is thinner than in (i) (fig. 236). 

(3.) Circumvallate (1-1.5 mm. high 
and 1-3 mm. brotui), are coiifincil to 
thti posterior part of the tongue, where 
they^8-is in number) arc arranged in 
the form of a V, the apex of the V 
Iwing directed backwanla. Each circu- 
lar elevation ia raised above the level 
of the tongue and surrounded by a 
circular trench or fossa. Secondary 
papilliB occur only ou their Burface. 
Taste-bulbs occur in the wall of the 
papilla directed toward the fossa. They 
are the organs of taste, and are supplied 
by the glosso-pharyngeiil nerve. It may require severd sections to 
obtain views of all three forms of papillte. 

(d ) (H) Tlie gi atfi d tqua s epithelium covering the pipillffl 
and eidoa of the tongue 
The sujHirhcml cells are 
Te^ thin 

(e ) trtands m tl 
look lart muc a 
glands with dear cou 
tenia anl it ma\ b 
also Bergus i,\ rnila 1 
■nhich the a..mi nr 
more granulir On 
^37) 

{/ ) Fal clU 1 1 1 
paddiii„ betwetn t! c 
stnijed muscular hbrea 
hfre and tliere. Near 

the lower surface, sections of the Ungual artery and 
latter giinglionic edU m:iy sometimes bo seen. 

At the back part of the tongue arc little ih-preasions of the 
mucous membrane called crypte (iig. 237)- 1" ^^^ ^'^^ "* ^^^^ 



1 



tangle illaoio epIUieliil 







Fia. 2j6,— fuugilotm FapUla, X 



In the 



248 



PRACTICAL HlSTOLOQV. 



txXT. 



am spherical mnsBes of adenoid tissue, and into some crypts open the 
ducts of small n ucous gland {h^ 237) 

2. The mucous glajids r 1 letly at tl e 1 aa of the tongue 

a d along its edges. 
Tl y 1 a e the same 
™ structure as the sali- 
jry gkuds of the same 
ane (fig. 237), t.^., 
tl r 1 n ore lined hy 
' as nglc layer of mucous 
c lis but there are no 
do n lunes. They are 
small compound tubu- 

3 Tl c BSToufl glands 
occ r only ■ near the 
c rcu V Ikte papillae 
an 1 tiste bulbs. Their 
acuii are granular and 
,^ resemble those of the 
parotid gland in struc- 
ture (tig. 240, d). 
Stain a section from the 
with nicthyl-greon and then with 
('OS in. Mount in balsam. The 
cmnective tissue and papillse are 
reddish ; the serous glands are red- 
dish also, while the miicoiis glands 
have a purplish-green colour. 

5. T,S. Injected Tongue (L).— 
This is obtained when the head or 
whole body is injected. Observe 
the \'ery vascular muscular portion 
and the papillte, each with uu attcty 
entering it. If the papill« Iw com- 
pound, i.e., beset with other smaller 
secondary [Kipillffi, a small capillary 
loop passes into each of these 
secondary [lapillie ; sections of large 
blood-vessels in the connective tissue 
of the mucous coat (iig, 238). If 
dcs re I a otl r a to may be faintly stained with li^wood aud 
mounted as above 
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^^^■L Taste-Bude, or the peripheral organs of tuste, occur on the 
^^TOngifomi papillsB and lateral surface of the circumvallat*, soft 
palate, posterior surface of the epiglottis, and a few amongst the 
epithelial cells on the dorsum aud aides of the tongue. It is more 
convenient, however, to study them in the rabbit. On either side 
of the posterior part of the rabbit's tongue are two oval patches 
with transverse ridges and intervening furrows, the papillse foliatee 
(«8- '19)- 

(i.) Out out these parts and haiiien them for fourteen days or 
so in Sliiller's fluid and then in spirit. Stain in bulk in borax- 
carmine or hromatoxylin and cut in paraffin. 

(H.) The excised organ, with as little adherent muscle as possible, 
is placed for one hour in i per cent, osmic acid, or pinned on a 
cork and exposed for the same time to the vapour 
of osmic acid. Fine sections are made across the 
laminse, and stained with logwood and mounted in 
balsam. 

(a.) (L) Observe the aoetioiis of the laminffi, each 
one with a central papilla or projection of coiinectn e 
tissue (fig. 240, I). Thia is covered hy many layers 
nf stratified epitlielium. 

(b.) Between the laminte a furrow, and embedded 
in the epithelium, on each side of this furrow, the 
taate-buds (;/), which are oval in shape, and composed 
of epithelial cells, whose bases touch the connective 
tissue of the mucous membrane, where they receive Pio a39._TonBuu 
a branch of the glosso-pliaryngeal nerve. The apex ^Sito'iuilaWo''' 
bus an open mouth — ijustatoiy pfire — which com- 
municates with the furrow. The eella composing the bud are 
aiTanged somewhat like the staves in a barrel. 

(c.) Oland-ducts open at the bases of the furrows, and if these 
ducts be not seen, sections of their acini — serous gland — are sure 
to be seen deep in the corium (flg. 240, d). The corium has what 
look like secondary papillffi on it, but they are really septa {(■'). 

{d.) (H) Study a single taste-bud {80 [i long and 40 ^ bi-oad) 
It is composed of two kinds of elongated epithelial celia 

(1.) The BUStentacular cells, which are most numerous. They 
are elongated, flattened, and either of uniform breadth or narrowed 
at their base. They form a protective covering for tlie true gusta- 
tory celis, wliicb lie between and within them. 
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(2.) Tlie guBtatoty cells consist of narrow fusiform nucleated 
cells, whose lower pointed 
end is continuous with a 
branch of the axial cylinder 
of a nerve-fibre, while the 
free cQiI is continued intoa 
_ fine point or ciiium, which 
5 projects through the gus- 
tatory pore. 

If it be desired to study 
the mode of termination 
of the nerves in these 
organs, use the lemon-juice 
gold chloride method, with 
subsequent exposure of 
tho tissue to sunlight in 
water acidulated with 
acetic acid, Golgi'a rapid 
hardening method, or 
mothylene-blue. For an 
elaborate research, with 
iiuci i bciiutiful plates showing 
tho terminations of tho 
Drasch.^ 




. 140.— FaDilln Follnts tn t 
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nerves iu the papilla; foliatie. 



SOFT PALATE. 



1. T.S. Soft Palate.— Harden the soft palate of a rabbit or Aa^ 
in Miiller's iluiil, alcohol, or corrosive sublimate. Make transverse 
sections by freezing, or stain in bulk in borax-carmine and cut in 
paraflin. 

(1.) (L and H) One of the moat beautiful methods of staining 
is that recommended by List, viz., to stain with aniline-green and 
eo.'iin, and mount in balsam. Even with the naked eye the thick 
layer of mucous glands can be seen 

(h.) The stratifiel epithelium and connectno tiiaui. are rosy-red, 
tho nuclei blue. The glan Is are bluish and are seen to be mucous 
in cliaracter, lined by a single layer of mucous cells without demi- 
lunes. In the borax carmine section thi, cells lining the acini of 
the glands are clear and tranainrtnt and show no demilunes, a ' 
typical example of a pure mucous ghn 1 
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ADDITIONAL EXERCISES. 

Glands of Tongue or Palate. ^Harden the tongue or soft palate of a rabbit 
in 3 per cent nitric acid for 1-2 hours. Wash out all the acid and stain the 
sections with methylene-blue. Wash out the blue with alcohol until only the 
glands remain blue. Mount in xylol-balsam. 

Terminations of Nerves in the Lingual Papillie and Glands. — These may be 
studied by staining small pieces of the tongue of mouse or rat by Golgi's silver 
nitrate method (p. 78), or by the rapid hardening method (bichromate of potash 
and osmic acid, Lesson XXvI. 14). The nerve in the papillae contains nerve-cells 
which are in connection with the nerve-fibres. The nerve-fibres form a plexus 
of fibres outside the basement membrane of the serous gland acini— epilemmal 
plexus — and one within this membrane amongst the secretory cells — hypo- 
lemmal plexus {Fusari and Fanasd),^ 



LESSON XXIL 

TOOTH— CBSOPHAGUS. 

TOOTH. 

The chief mass of a tooth consists of dentine. It is capped by 
enamel, and the root or fang is invested l)y a layer of Lone, the 
crusta petrosa. All three tissues are calcified, and contain calcic 
phosphate. The enamel, however, is an epithelial structure, and 
consists of modified and calcified epithelial cells, while the dentine 
and crusta petrosa belong to the connective tissue grouj). 

XJnsoftened Tooth. — This is one of the few preparations which 
had better be bought. 

1. Longitudinal Section of a Dry Tooth (fig. 241). 

(a.) (L) Observe the crown and fang, and, connecting the two, 
the neck. 

(h.) The dentine surrounding the pulp cavity, the enamel 
covering the dentine of the crown, and the crusta petrosa <jr 
cement covering the dentine of the fang. The wavy Ijlack lines in 
the dentine or dentinal tubules are really tuljulcs lillcd with air, 
hence they appear black. Note their direction from the i)uli) cavity 
towards the outer margin of the dentine. Quite at the apex of the 
crown of the tooth they run vertically ; in the fang they run nearly 
horizontally, and in the part of the dentine intermediate between 

^ Arehiv, ital, de Blol.y xiv. p. 240, 1891. 
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both they ^rnidually become more and more oblique from the centre 
of the crown. 

Arched or curved lines— incremental UneS or Schreger'8 lines 

— may sometimea be seen crossing 
the course of the dentine tubules. 
(c.) The enamel covering the 
dentine on the crown of the tooth; 
somewhat brownish-coloured con- 
centric Hues may be seen in it. 

(d.) (H) The enamel consiste 
of striated prisms, hexagonal when 
seen in transverse section (fig. 
243)' 

The d^tinal tubules lie in a 
homogeneous matrix, and are 
wavy tubes, which divide di- 
_.PM chotomously, and give off lateral 
branches which anasbomose with 
other lateral branches from ad- 
jacent tubules. At the outer part 
of the dentine are irregular Inter- 
globnlar spaceB, which appear 
black when they contain air (fig, 
244). 

The cruBta petroBa consists of 
bone— a thin layer — composed of 
lamellae and bone-corpuscles, hut 
no Haversian canals (fig. 244). 
2. Softened Tooth.— Select the 
: jaw of a small mammal, e.ff., a cat; 
" and decalcify a short length — j 
inch — of the lower jaw in chromic 
acid and nitric acid. It will take two or three weeks to remove 
all the bone-salts, and the decalcifying fluid must be frequently 
renewed. The tooth is sufficiently soft to be cut when a needle 
can be pushed into it. Make vertical sections through the whole 
jaw and a tooth m silu. 

Stain one section in picro-canmne, another in osmic acid (twenty- 
four hours), and mount both in Farrant's solution or in glycerine- 
jelly. 

(a.) (L) Observe the tooth in the alveolUB or depression of the 
jaw in which it is fixed. The enamel has disappeared. The bone 
of the jaw with its periosteum, lining the alveolus and forming 
there the periodontal membrane (fig. 241, P.M.). 

{b.) Next the latter on the fang the cement (C), the dentine, 
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pulp-tavity and its contents. If tlie section passes directly through 
the middle of the tooth, the orifice in the fang of the tooth may be 

(e.) (H) Tiie dentinal tubules, uot so distinct a 




If they are cut ohliqucly, they appear merely as tailed dota in & 
homogeneous matrix. 

(il.) The pnlp-cavity contains blood-vessels and fine connective 
tissue, but next the dentine tliere is a layer of lai^e cubical cella — 
odontoblaBtB—whieh give oiT fine processes which enter the den- 
tinal tubules — the fibres of Tomes. Tliey are best seen, however, 
in 3 tooth which hua not yet cut the guni. 

3. DQTelopment of Icwth. — Without entering mto all the 
details of the development of the teeth, the following directions 
will suffice as to the method of preparing sections so as to show the 
various stages. What may Ije called the first stage — that shown in 
fig. 245- — is to be obtained from the lower jaw of a sheep's embryo 
7 cm. in length. At this stige only a very little bony matter exists, 
Htirtlen the whole juw in corrosive eublimate and decalcify in dilute 
hydrochloric acid. Stain in bulk in borax-carmine, embed in 
[mrafRn, and make T.S. acioiss both rami of the jaw and tlie tongue. 
Or harden and decalcify at the same time the jaw of a fcetal kitten 
by placing small pieces containing embryonic teeth iii I'leniming's 
fluid. This yields excellent results,- — tlie tissues are thereby suffi- 
ciently diflerentiatcd and may he cut in paraffin. 

The second stage, fig. 946, is obtainable from the upper Jeiw of an 
embryo sheep 15 cm. long. It is treated in the same way. 

The third stage, fig. 247, is obtained from the lower jaw uf a dog 
six days old or thereabout. 
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With a high power it is easy to obaerve the structure of the 
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la. ?«;, — Diitejun of £>rlf 
9ta« of tbe Development 
or a Tooth, a. Epithelium 
ot denUt ridge on lower 
jaw; b. Portion of epithe- 
lium abuut to be modifled 
Into enamel (emunel oi^ihd]; 
e. BeElnniDior genu ol del 
tine In the tooth papllli 



Fro. 346.— Lower Jaw of H ,... 

Month X 40. 1. Dental ridgei >. Stalk of 
enamel germ ; 3. Enamel ortan ; a. Ptrl- 
pheril cell! : b, Oenn palp : e, <S'liDdrli:*l 
celU ot enamel ; 4. FapUla. 



several parts, and to eeo the odontoblasts lining what is to be the 
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Ihueo ot ipithellal origin on tbe right. 

Ijuljj-cavity. If the latter happen to bo partially detached, thaii 
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procesees — ^fibres of Tomes— may bo soon pai'tiully witlidrawn from 
the deulinal tubulea in whicli tlicy lay. 



(ESOPHAGUS, 

Tbo (Bsop-agus o Ltafo V t\ outvardsof— 

(I.) Mucous coat n po d f tr I ti I wjuauo s (if tholi m, 
into wh 1 iroj t tn U am]]e paplltie from tl o n n or -o - 
uei'tivc t o biiB of the m mbmiw At tl c o ter i^irt of tl 6 
coriiiiiL a a n rro In r of 'iiiiootl ni scular fib os— musoulaiis 
mucosEB — n ra g d for the u est part lo gitudinallj 

(z.) Submucous coat o siatng of t 1 1 tl ^ 

liirytT n J OS els I Bome ncr cs I 1 If,) 

in wh 1 glands oc ur tho ac n of tl 
glauils 1 e n ti e eubm cona coat, so tl t 
their d ts have to i rforate tho nusi 
laria lu ose ad t av ree tho i uoou ,,^3j. 
membra e Itefor th j open on the surface 0^ 
of the ci tl el urn ^S 

(3.) Muscular coat — Tl la U ary ""1^^ 
with the animal uacii. In man tliia coat .m^^ 
in the upper third of the ceaophagua is ^^ 
coniposetl of striated niuBcular fibre, tho g- - — 
lower two-thirds of smooth niuecle. Tlic B fc.^=. 
oitter layer of fibres rima longitudinally, 
tho inner circularly. 

(4.) Fibrous coat, compoaed of fibroua 
tissue. 

4. The (Esophagus.— Cut out a piece 
of tbe ffiiopbiiyus n{ n dog or cat — a cm. 
iu length — and harden it in equal parts 
of chromic acid (J jior cent.) and spirit, or 1 
MUUer'a fluid (fourteen days), or mercuric 
chloride, and then in alcohol. >Iakc 
transverse Bections ; stain one in picro- 
camiine and mount it in Farraiit's solu- 
tion, and another in logwood and mount 
itinbalBnm. Perl iu]ta oven more instructive sectioue are obtained 
from a hhuiU animal, such as a rat, whoro tho whole iBaophagua (with 
trachea) can l>c stii in cd "in bulk" in borax-carmine. Cut ecctions 
of both tubes to sbgw tlieir structure and relations. 

(a.) (L and H) Tlio circular tulie has Bcveral coats, tho innor- 
mofit one being thrown into foliis. The mucous membrane rovered 
by atratifictl squamous ejiiLheliun), undur this the coiinoctivc tissue 
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with small simple papillce. In the deeper part of the mucous mem- 
brane are several layers of non-striped muscle, the miiactdaris 
mucoste (248, M,M). 

(b.) Outside this is loose submucous connective tissue with a 
few blood-vessels, and in the dog and some other animals the acini 
of mucous glands. The ducts of the latter traverse the coats lying 
internal to the glands, and open on the inner surface by funnel- 
shaped openings. 

(c.) Outside this, again, is the muscular coat, which varies in 
the upper and lower parts of the tube, and also with the animal 
examined. In the upper part there is striped muscle, in the lower 
part two layers of non-striped muscle, an inner circular and an outer 
longitudinal. Between the two layers may be seen ganglionic cells 
of Auerbach's plexus. 

((I.) Outside all is the fibrous coat or adventitia, composed of 
coarser connective tissue, with elastic fibres and blood-vessels. 

For the epithelial cells lining the oesophagus see Lesson IV. 5. 

It is to be remembered that there are very great differences as 
regards the presence of glands in the oesophagus. Some animals 
have a considerable number — e.g.j dog — and others very few. 



ADD1TI0:?^AL EXERCISE. 

5. Other Methods ((Esophagus). —Very good results are obtained by harden- 
ing in absolute alcohol containing methyl-green, the gland-cells being thereby 
sharply defined {Ruheli)?- Also double stain with borax-carmine (extract with 
acid-alcohol), then alcohol, and stain again with iodine-green (twenty- four 
liours), extract with alcohol, embed, ond cut in paraffin. The mucous mem- 
brane of some animals {e.g.^ pig) contains lymph follicles, wJiich can readily 
be detected in a part of the tube stained in bulk in borax-carmine. 



LESSON XXIII. 
THE SALIVARY GLANDS AND PANCREAS. 

THE SALIVARY GLANDS. 

All these glands have not the same structure, hence it is necessary 
to classify them. 

Mucous Salivary Glands. — The sub-maxillary and sub-lingual 
glands of the dog and sub-lingual of guinea-pig. 

^ ZeUs,f. mik. AiuU,, vii. p. 224, 1890. 
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Serous Salivary Glands. — Tlie pamtid of man and luummala, 
aiid llie sulmiiixiLlai'y of t!ie ritbbit. 

Miied or Uuco-Salivary. — The hiinian siib-maxillary, retro- 
lingual of the dog, or eub-maxdhiry of tlie guinea-pig. 

The aahvary glands are compound tubular glands, i.e., the duct ja 
branched, while the acini or alveoli — -the true secretory parts of 
tlie giands — are tubular in form. Each gland consists of lobes, 
held together by connective tissue, whiiih forma a. cajjsule for the 
^vhole gland and gives Ecpta to enclose the lobes and lobules. 
Each lobe ia turn is made up of numerous smaller lobules also held 
together by connective tissue, which carries the blood-vessels, 
uervea, lymphatics, and larger ducts. From mutual pressure the 
lobes and lobules ate usually polygonal iu shape. The muin duct 
IB made up by the convergence of ducts from the lobes — lobar 
ductB^while from each lobule there ia a duet— lobular ducts, 
which unite to form lobar ducts. Each lobule ia made up of a 
number of alveoli or acini Each alveolus, which has a closed 
extremity, leads into or discharges its Eecretion into a fine duct or 
ductule, and tliese ductules by their imiun form the intralobular 
ducts. Practically the arrangement of the ducts is the same in all 
this set of glands ; tlio ditferences in structure are in the alveoli. 
The alveoli consist of a baBemen.t membrane, which by appro- 
priate means can be sliown to consist of branched cells forming a 
reticulated or hasket-like membrane. This is lined internally by 
the secretory epithelium, leaving a larger 01 smaller lumen in the 
centre, which leads into a fine duct or ductule by means of a narrow 
juiiriiona/ piece or intermediary part or drtdule, iu which the epi- 
thelium ia somewhat flattened. Usually several alveoli open into 
one intermediary tubule or ductule. The ducts with a fibrous wall 
are lined by a single layer of columnar epithelium, which is striated 
or "redded" in its outer part, and granular towards the lumen of 
the tube (fig. 249) j a little inwards from the centre of each cell ia 
a luicJcus. 

In mucouB glands the acini (35 /* in diameter) are lined by a 
layer of polyhedral clear cells, whose broader buses rest on tlis 
basement membrane, while their ajiices abut on the lunicn, which 
is Bumli ((ig. 249). Usually in a transversa section of an acinus 
five or six cells are seen. The appeamnce of the.se cells vurlos 
according as a gland is at rest or in a state of activity, i.e., whether 
the gland ia "loaded" or "charged" (resting phase), or "unloiideil" 
or "dischai^ed" (active phase). Inaresting gland the mucous 
cells are clear, for the jaasb part, while at the outer part of the cell 
ia a flattened nucleus surrounded by a very smuli quantity of 
granular protoplasm. The clear part ia traversed by a network of 
librils, which includes in its meshea mucigen. The g^aaW uu>.U«x 
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and nuclei stain readily with the ordinary dyes, while the clear 
part does not do so. 

In some mucous glands, e.g, dog, hut not in all mucous glands, 
here and there hetween the hases of some of these cells, and the 
hasement memhrane, are groups of small, granular, nucleated cells, 
the group having a somewhat crescentic shape ; they are called 
demilunes or crescents of Gianuzzi (fig. 250). They stain readily 
with dyes, and are darkened by osmic acid, and contain two or 
more nuclei. 

In the discharged or active gland, the acini are smaller, the 
lumen wider, the clear part of the cell diminished in volume, while 
the outer part of the cell is wider, and appeal's to have encroached 
on the clear part. The nucleus is usually spherical, and placed 
nearer the centre of the cell. 

In serous or albuminous glands the chief differences are in the 
cells lining the alveolL In serous alveoli there is but one layer of 
cells, and nothing corresponding to the demilunes. The cells are 
somewhat smaller than mucous cells ; they are more granular, and 
stain more uniformly with dyes. The nucleus is spherical, and 
placed nearer the centre of the cell. The differences between 
active and passive phases are not so marked as in mucous acinL 

During activity the cells become smaller, and the "granules" 
disappear from the outer part of the cell ; the cells become more 
sharply defined, while the nuclei are large and spherical. 

N.B, — In all cases examine the acini of the glands in the fresh 
condition. 

A. Mucous Salivary Glands. — These must be prepared in 
several ways. 

Methods. — (i.) For the general structure of salivary glands : — 

Harden small piece ; for 2 or 3 days in the following mixture : — 
3 parts 90 per cent, alcohol and 2 parts .5 per cent, chromic 
acid. To see the finer points — after staining — mount the sections 
in glycerine {Langley). 

(ii.) Small pieces of a perfectly fresh dog's sub-maxillary gland 
are placed for an hour in 75 per cent, alcohol, then for five hours 
in absolute alcohol, which is then changed, and the hardening is 
completed in fresh absolute alcohol in twenty-four hours. Sections 
of the unstained gland are apt to fall to pieces, although the small 
pieces show the structure sufficiently well. A part of the alcohol- 
hardened gland should be stained " in bulk " in borax-carmine, and 
cut in paraffin. In this way the relative position of the parts is 
retained. 

(ill.) Harden very small pieces in i per cent, osmic acid 
(24 hours) ; wash thoroughly, and complete the hardening in 
alcohol 
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(iv.) Harden other pieces in Flemming's mixture, and stain **in 
bulk " in borax-cannine as in (ii.). 

(v.) Heidenhain's Method. 1 — This method is also applicable 
to the pancreas. Small pieces of glands — e.f/., sub-maxillary of 
guinea-pig, dog, and cat — hardened in alcohol (ii.) are placed in 10 
cc. of 0.5-1 per cent, watery solution of hsematoxyhn (6-8 hours); 
and then for an equal period in 0.5-1 per cent, potassic bichromate, 
or I per cent, watery solution of alum, or stain with .3 per cent, 
haematoxylin (distilled water to be used), and differentiate with i 
per cent, neutral chromate of potash, which forms a steel-grey 
compound with haematoxylin (p. 70). The stain does best with 
objects hardened in alcohol or picric acid. The pieces are quite 
black when removed from the second fluid. In this method, the 
union of the reagents takes place in the tissue itself. The nuclei 
are bluish-black, the cell-substance a steel-grey, while the demilunes 
stand out distinctly. This is an excellent method for these glands. 
Cut in paraffin. 

(vi.) Mucous glands harden well in picric acid. 

My experience leads me to believe that in studying a mucous 
salivary gland, it is best to begin with one whose acini contain only 
mucous cells and no demilunes. Such glands are the sub-lingual 
of a guinea-pig and sub-maxillary gland of the mole. Then proceed 
to the sub-maxillary of a dog, which has demilunes at intervals, 
and lastly, take the acini of a cat's sub-maxillary, where the demi- 
lunes form a nearly complete layer outside the true mucous cells. 

In order to obtain a general view of the origin of the ducts from 
the acini of the lobules, and the union of small lobular ducts to 
form larger ducts, it is well to examine a preparation of the salivary 
glands of the cockroach, which can be removed en masse (p. 265). 

1. Sub-Lingual Gland of Guinea-Pig. — ^This shows acini lined with 
mucous cells without demilunes (L and H). Note the acini, each lined 
by a single layer of clear transparent mucous cells, resting directly 
upon a basement membrane without the intervention of any demi- 
lunes. In the arrangement of capsule, septa, and ducts, it resembles 
the salivary glands of the dog. The gland is like fig. 249 without 
the demilunes. 

2. Sub-Maxillary Gland of Dog. — (a.) (L) Observe the capsule, 
which sends off thin connective-tissue septa into the gland, mapping 
it out in polygonal lobes, which are further subdivided by finer 
septa into lobules. In the larger septa, sections of blood-vessels and 
gland-ducts (fig. 249). 

(b.) Within each lobule aggregations of acini or alveoli, which 
make up the smaller lobules. The shape of the lobule depends on 
the way it has been cut. Branches of the finer gland-ducts — few — 
1 Arehivf. mik. Anat., 1884, p. 468, and 1886, \v» Z'^Z. 
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between tlie lobules. Some of the acini appear t« be crowded with. 

cells inside tlie basement membrane. The gland-ducts have a 

diBtmct lumen 

(c ) (H) Although numerous acini are visible, only those that 
have been cut across 
so as to show the 
lumen are satisfactory, 
the others appear 
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" lb- Maxillary (.land Dog 



With cells, and vary 
much in size, accord 
ing to the plane of 
BP( tion through the 
alveolus Each aci 
s a clear, trana- 
pirent basement mem 
brane, and mside, and 
uuuuis i- i~..». u.^...-w» ^^^ ^^ arranged the 

Becretoty epithelium, 
(d ) The mucous cells form a single layer, and are Iwge, clear, 
cubical cells Each has a nucleus which is usually flattened and 
placed neir the attached end of the cell In borax-caimme pre- 
parations, the nucleus, surrounded by granular protoplasm, la stained 
led, while the rest of the cell appears clear, and traversed, it may 
be, by fine threads or 
fibrils In reality, the 
c 11 substance consists of 
a network containing a 
. clear substance — muci 
gen. 

{<• ) The demilimeB he 
singly nc\t the basement 
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mbrir 



Two 



.5o,-flnh.M»I«l«Ty OiKiil, 
ClonnnunicBtlng with an a1i 



e may be seen in the 
Ktclion of each alveolus 
a-i more granular deeply 
stiined biHliea, sometimes 
( with two nuclei Ab 
r their name indicates, 
are somewhat half- 
I shiptd, but they 
send processes between the mucous cells is tliey are deeply 
stained by pigments and also darkened by osniic acid, their shape 
and distribution are readily recognised 

(y) The lumen of each acinus is a small more or less regular 



eolui bT ■ SaiTOw t 
iueiuBtuxylin x juo. ' 




XXUl] TUE SALIVAKY GLANUS. 261 

space in the centre of the acinus, but many acini may be 80 (5ividcd 
aa not to show it. It is diffioult to find the connection between tlie 
lumen of an acinus and a duct (fig. 350). 

(g.) Zbict. — This ia best studied in a transverse section of one of 
the finer dutta lying within the lobules or the 
larger ones in the septa (iig. 251). The wall s^m||Mw> 
consista of circularly disposed connective ti3.u - ^^™iv*lF'- y^. 
and is lined by a single layer of tall, narroi _^_ 
cylindrical epithelium. The outer jvart of ei h ^? 
cell is distinctly striated or "rodded," and the 
spherical nucleus is placed about tlte mid lie of 
the cell. 

N.H. — The student ehould compare with tin 
a section of a gland hardened in osmic acid cr 
Hemming's fluid, or one stained by Heidenham a 
method. 

a. Sub-Maxillary Gland of Cat. — In some of the acini there 
may be a nearly complete layer of demilune cells between the base- 
ment membrane of the acinus and the lining layer of mucous cells. 

B. Serous Salivary Glands — Methods.^ — IFae the parotid of any 
mammal — ralibit, cat, or dog— or the sub-maxillary ghind of a, 
rabbit. Harden small parte of the gland in the same wny and by 
the same means as for mucous glandt, A saturated w iterj sohitic n 
of mercuric chloride ia to be pre- 
ferred to jitcric acid for serous 
glands. I find that Flcmmm^ s 
mixture is specially good for the 
Bub-maxillaiy gland of the rabhit. . 
Sections are made and stamed — tlie 
hardened gland stained ' in bulk 
— just aa for mucous glands. 

t T.3. Parotid Gland, — («) | 
(L) Observe the capsule, septa, | 
lobes, and lobules aa in the mucous 
glands, but the alveoli or acini are 
smaller. More sections of gland 
ducts will also be seen. 

(6.) (H) Observe an acinm. It ' " "" TioV^'^Xc^i"/ ™ ""• 
is lined by a layer of polyhedral 

cells, leaving a very small lumen. The cells are very granular, with 
a spheroidftl nucleus placed near the centre of the cell (fig. 252). 
Numerous sections of ducts, some cut transversely, others longitudi- 
nally. They are like those of mucous glands. 

6. Fresh SerouB Gland.— Tease a. fragment of a parotid gland in 
normal saline, and observe how the cells are crowded with granules. 
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C. Muco-Solivary Glands, e.g., Bub-nmxiUaiy of man or retro- 
lingual of the dog, are treated as the other saUvary glauda 

6. Human Sub-lCaxillary Gland. — (L and H) Observe that some 
of the acini are like those of mucoos glands, and others like serous 
acini, wliile some of the acini contain both mucous and eeroos 
cells. Acini, serous and 
mucous, may be found 
lying side by side (fig. 

7. Dog's Snb-Hazinary 
Gland (Donhle-Staiiiing). 
— (i.) Stain alcohol-hard- 
. ened sections, first in a 
watery solution of aniline 
green and subsequently in 
eosin. An easier plan is 
to stain first in aniline 
green, rapidly dehydrate 
Tia.!i5j.-Hi™iinHub.Maitii.r)rQi»iHi. pntber^ht the Section in alcohol 

groups at nmociua, and on ths left oi wroui , , , . , , ,, ,, ^ 

iiYHiti, X jco taking care that all the 

green is not washed out 
of the gland-cells, and clarify with clove-oil in which is dissolved 
some eosin. Mount in balsam. The mucous cells are green, the 
demilunes pinkish, and the nuclei generally are green. The ceils 
of the ducts are green, and the interlobular connective tissue 
pinkish. 

(ii ) Stain sections in aniline blue, to which is added a saturated 
watery solution of picric acid. Mount in balsam. The cells of the 
acini are blue, while the ducts are yellowish-green. 

(iii.) Schiefferdecker's method is also to be recommended. Add 
a few drops of a 5 per cent, alkaline alcoholic solution of eosin to 
a watch-glassful of alcohol. Allow the sections to stain in this for 
half an hour or so, and place them for a few minutes in i per cent, 
watery solution of aniline green, and mount in balsam. 

(iv.) The aub-maxillary gland of a dog or guinea-pig hardened in 
picric acid or HgCl^, it stained with aniline blue and safranin, 
shows the demilunes red and the mucous cells blue in balsam 
preparations, 

THE FANCBEAS. 

The pancreas is a compound tubular gland, and resembles the 
serous salivary glands in the arrangement of its capsule, lobes, 
lobules, and duct, with its branches. The epithelium of its ducts, 
however, is not eo distinctly striated, and in a section, as a rule, 
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not many ducts are vfaible. Curious groups of ceUa, "inter-tubular 
cell cllimps," each eiippUod by a glomeriilua-like tiift of capillaries, 
lie in the interlobular 8epta or amongst the acini. The alveoli, 
tubular or flask-ahaped, with a very small lumen, consist of a baao- 
ment membrane lined by a single layer of columnar or pyramidal 
cells, each showing two zones ; an outer zone nearly homogeneous, 
and staining with logwood and some other dyes, and an inner zone 
crowded with " granules." The spherical nucleus lies about the 
middle of the celL Sometimes sections of Pacinian corpuscles and 
groups of nerve-cells are found in tha jiancrena. 

Thia gland, like other glands, shrsvUd be examined in different 
phases of physiological activity. One, the active state ("dia- 
cliai^ed"), wiien the glnnd is removed from the body (rabbit) two 
or three or four hours after a full meal ; and the other, the passive, 
or better, the resting state ("charged" or "loaded"), when tlio 
jianereas ia not secretmg actively which can be v ured by allowing 
an animal to fast for fiurteea hours (dog or rabbit) The human 
pancreas ia rarely Batisfactory 

Methods. — (i.) One of the beat methods of fixing the pancreas is 
I per cent, oamic iicid or Flemming's mixture (24 hours) It is 
then to be thoroughly washed and liardmLd fir t 11 ,1; pLr tent 
and afterwards in absolute alcohol. In ';ii I t ] 1 j iH )i the 
"granules" are usually 

well preserved, and they ,,<;i=!.B.,_^_<r"^ — - ~=^ 

stain deeply with saf c ~P^^^~-~^ 1, J) 

ranin, " 

(ii.) A piece hardene 1 
in sbsolute alcohol an I 

stained in Imlk in boriv y ^ . - 

carmine or Heidenham s 

logwood (p. 70) Bill 

afterwards cut in parnf 
fin, shows well tlie 
general arrangement 

(iii.) Fixasmall piec 
in corrosive suhhmat , 

and, after ths usual pre- Tin. 15,.— T.S. Pancreai, Dor, a. Acinus ; C. C»i>MilB ; 
cautions, stain the sec- °- ""='■ Corroalva .ublinuite Dnd picro-oflrmiuB, 

tionswith picro-carraine. 

Mount the osmic acid sections in glycerine, and the stained ones 
in Farfant'a solution or balsam. 

8. Beetii^ Pancreas.— (a.) (L) Observe the capsule (thinner), 
septa (tiiinner), lobes, and lobules, aa in salivary glands. Thia 
arrangement is well seen in the carmine specimen (fig. 254, C). 

(b.) (H) In the osiuic acid preparation observe the alveoli (lig. 
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354, A), with a basement membrane lined by a single layer of 
columnur coIIh, ta]M!ring somewhat at theit central ends, leaving a 
small irrejfular centml lumen. 

(r,) In each cell a erowd of dark "gruiuleB," occupying about 
the inner two-thinla of each cell, while the outer third or zone is 
comparatively horaoyeneoua and free from granules (Hg. 354). The 
nuclei of the cells ore apt to be obscured by the presence of the 
granules. In the borax-carmine preparation the nuclei and granules 
are stained red ; tlio outer zone, about one-third, ia also stained red, 
the inner two-thinls licing either not stained or only faintly so, and 
granular, but the granules are not so sharply defined as in the osniic 
acid prepiiration. 

(•I.) The ducts (few), lined by a single layer of columnar epithe- 
lium, wilh very faint liingituiiinol strintion (fig. 354, 1>). 

9. Active Gland (H).^The ceils of the alveoli are less granular, 
BO that each cell shows an oui^r tone with no granules, occupy- 
ing alK)ut oni^-half of tlie cell, and an inner granular zone with 
granules, wliirli, however, are not nearly bo numerous as in the 
'- "* renting alveoli. The nucleus (sometimes with 

a nucleolus and accessory nucleoli) is distinct, and 
near the centre of the cell. It is to be noted, 
L I biiwevcr, that all the alveoli are not in the same 

V. I'liiwe. 

tf 10. Fresh Fancreaa. — A very good view of the 

, gnimilar character of the inner zone of the pan- 

\ ^ '! crcutic cells is obtained by examining a piece of 

fri;nh iMincreas — c.y. ox — teased in normal saline. 

'^"'A.^ii'iro/ » KretS it is easy to obnerve the difference between the 

PiuiureM outer homogeneous zone and the inner granular 

one. Many of the granules are liberated in the 
process (fig. 355). 

11. Injected Pancreae (L).— l^tuily a section with its blood- 
vc.h,sm]h injncteil. It is very viiscular, and in tliti intcr-tubuIar coll 
cluiiii>s are groups of capillaries. It is lurtC injected with a Bcrlu^ 
blue gelatine mass from the thoracic aorta. 



ADDITIONAL EXKKCISKS. 

12. Active HnoOTU Gland.— Tlio student bIiouIiI oxaniEne a sectton ofa mb- 
maiiltnry gland (dog], which luB been in actiun for sevoral hours. He cannot 
nithout a ni:anB« prepare aui'h a gland for hiniiwlf. Ic U prepared, however, 
hy atimulating at mtervals for several hours the chorda tifiniiani of a dog. In 
this way the gland is kept secreting, or it may be stiiaulat^d by b^ectiug 



XXIH.] 



THE PANCREAS. 265 



pilocarpin. It ia then removeil from the "boilj and hardeneil in one of the 
ways BUteJ on p. 858. It is easenliul that tlio Beliva and noQ-activa glands 
be hBrdened in the same way, «o aa to ahon that such differences aa oust are 
not due to the method of hardenioK. 
(H) Obaerve tliat tlie muimiis ceils are not ao clsar ts in the paflsive gland, 

butsr ' -■ — -" L.l-;_ ^-;_-. _--.: .^.. . 

snbati 

the iIdiulIudeh and the m 

the acini in the sectii 

that the appearances in any two acini ma; Dot be identical. 

13. iBolkted Mdcodb &nd Semilmie CeUe. — (i.) Place fra^ents of a fresh 
dog's sub-m Miliary gland in 5 per cent, ammoaiuni cbromate (4-6 days). 
Tease a small niece in the same nnid. Note the JMilated mncona cells, each 
with its Ebrillar networt, Bpherical nncleua embedded in protojilaaiii, ajid 



illar networt, Bpherical nncleua eml 
I attached end of the cell prolonged ii 



(it) The cells, membranes, kc, are readily isolated in 33 per cent, canstio 
potash. 

M. KncouBGrannlee.— The rnncons granules are readily seen W "fixing'' 
a small piece of the gUnd with tbe vapour of oamic acid (LaugUy).' 

15. Salivarjr OUnda of Oookroaoh. — It is better to use the gi>ecies Pen- 
platiela amerk'aita. Kill the auinial with ohlorofurm. Pin it out on its back 
on a cork pbte and make the diaeectiun in normal saline. On cutting open 
the tboraz loneitudinally one sees the intestinal tract, and on each side of 
this, lyinz on tlie wail of the latter, ate the flattened salivary glands. They 
can readily be removed. They may be examined fresh, or stained in picro- 
carmine, or exposed to the Tai'Oilr of osniic ai'td, and monnled in Klycerina. 
They show well the general arran^^nient of ducts and lobules, Kad) dnct is 
lined by a spiial chiUnous fibre like the trai^hen'. 

16. Tanmntttloiia of Net-vea in Seroua Olands. — Tbe rapid hanlening 
ffiethoj of Golgi (I«!aoii XXX. ) aa directed for the pancreas haa been used by 
Fusari and Panasci^for the nerve terminations in the aeroua glands of the 
tongue of the rat, rabbit, and cat The terminal fibrila form an epilemnial 
plfxua, i.e., outaide the basement menibi-ana, and other fibrils pass between the 
gland cells, i.e., are hypolemmal. Fusari's paper is acGoni|)aDiGd by a plate. 

17. Glaod-Dncta.— Sometimes on using Oolj^i's method one frets the Inmen 
of the ditcts black. If this happens, then an excellent view is obtained of 

18. Fresh Fanoreaa,— In tbe rat and rabbit the pancreas ia spread out in 
loliiilea in the mesentery, and if a. pJtce of thia containing a thin part of the 
panereaa be atletcbed on B ring of oork tbe grannies can be seen in tbe fri-ab 
slveolir cells. Osmio acid dues not alter the granules much, hut alcohol dooa. 

'"I. Changea In Pancreas Cells may bo seen in frogs — one fol say three or 



four days iirevionaly, and tlie other a few hours before it is roiuir 
20. Bodded Structure in Cells. — Macerate a small piece of fresl 



nancreaa 11 
in the aann 
rodded." 



5 jier cent, nmmouium chniiiiate for 1-3 da^s ; tease Bod esomiue 
iiuid. The outer part of some of the cells Vfill be found to be " ro< 

31. Outer and Iiiner Zones of Pancreaa Cells. — (a.) Uf-e the pancreas of a 
starving anitiiaL To stain the outer zone, use ammuniacal or borax-cannine, 
and for the granules of tlie inner zone stain a section (fixed on a slide) with 
metliyl-green.fnohsin-S solution maile by mixing methyl-green (i per cent.) 
600c with f neb sin -S solution flTiercent)2occ Stain for lominntea. Waah 
quickly in wat^-r. Mount in bnlaam. The granules are red, and the ontrr 
, uoe deof, {Fuohsiu-S ia Bcid-fDchain.] For prepnrutiona Troni Flenimin{;'s 
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fluid, stain with safranin and wash with alcohol containing picric acid. The 
safranin stains the granules. 

(6.) A |tancreas fixed in Flemming's fluid or sublimate is beautifully stained 
by means of the following modification by Oppel of Bioudi's fluid 2 — 

Methyl -green ( I per cent.) . . . 1200c. 
Eosin(i percent.) • . . . . 2 ,, 

Acid-fuchsin (I per cent.) ... 40 

Absolute alcohol , .... 40 

The granules are red and the nuclei green. 

22. Terminations of Nerves in Pancreas^ — By means of Grolgi's rapid 
hardening method (Lesson XXX.) — i.e., osmico-bichromate fluid and then 
silver nitrate — Ramon y Cayal and Sala,^ and more recently Erik Miiller,^ 
have traced the terminations of nerve-fibres in the pancreas (dog, rabbit). 
Numerous nerve-fibres enter the pancreas along its ducts, and terminate in a 
rich plexus of fihrils around the individual acinL The nerve-fibres which 
surround the acini are derived from two sources, some fibre fibrils are branches 
of Remak's fibres, and others are processes of very characteristic cells, which 
R. y Cayal calls ** visceral sympathetic ganglion cells." These cells send off 
I»rocesses which are arranged as part of the **peri-acinou8" plexus, and some 
of them penetrate between the glaud-cells. MUller finds tliat tlie fibrils lie in 
relation with the secretory cells. 



LESSON XXIV. 

THE STOMACH. 

Thb walls of the Btomach, like the intestine, are composed of four 
coats, named from within outwards — 

(i.) Mucous coat, i.e,, the glandular coat. 

(2.) Submucous, composed of loosely-arranged connective 

tissue, the larger blood-vessels, lymphatics, and nerves. 
(3.) Muscular, composed of three layers of non-striped muscle 

— (a.) longitudinal, {b.) circular, (c.) oblique. In some 

situations only two layers exist. 
(4.) Serous, from the peritoneum. 

The mucous coat is lined by a single layer of tall, narrow, cylin- 
drical mucous cells — in reality mucus-secreting goblet-cells — for 
they have open mouths and contain mucigen. The cardiac portion 
of the mucous membrane is composed of tubular glands — fundus 
glands — placed side by side. Several gland-tubes may open into 

^ Terminacion de los nervios y tuhos glandulares del pancreas de loa verte- 
hradoSj lUrcelona, 1891. 

'^ Archlvf, mik, AtuiL, xL p. 405, 1892. 
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one comiiiciii duct. The duct is short, and ia lineil liy cella like 
those covering the surface of the stomach. The secretory part of 
each glaud is lined throughout by a hiyer of polyhedral or short 
cohimiiar, gnintilar, nucleated cella, called chief, principal, inner, 
or adelomorphoUB cells. At intervals between these and the base- 
ment membrane of the gland are large, ovoid, conspicuous, granular 
cells— outer, parietal, delomorphouB, or oxyntic. The Inmen of 
the gland is small and ill-delincd. 

The pyloric mucous membrune 13 beset with pyloric glands, 
which have a long duct or nei*k, and are usually branched at their 
lower ends. The duct is lined by a layer of cells like those lining 
the atoniach, and the secretory part hj a single layer of short, finely 
granular, short columnar cells. The lumen is well-delined. There 
is more connective ti.ssue between the glauda than in tlie cardiac 
jiortion, Masses of adenoid tissue are not unfrequently seen 
between the buses of the pyloric glands. 

Ifethods. — (i.) Select a cat or dog that has hungered for two 
days. Kill the aninjal, open the stomach, and place small pnrta of 
the cardiac and pyloric ends (all the coats) in equal parts of chromic 
acid (J per cent.) and spirit (7-10 days). Change this fluid within 
twelve hours. Complete the hardening in alcohol. 

(ii.) Place small pieces of the cariJiac and pyloric mucous mem- 
brane (J inch cubes) in i per cent, osmic acid (24 hours). Wash 
well and harden in alcohol. 

(liL) Fix pieces of the jiyloric and cardiac mucous membrane 
in mercuric chloride (2-3 houra). Take care to remove all the salt 
by prolonged washing in alcohol. Perhajia this is one of the best 
methods to use. 

(iv.) Absolute alcohol ia also a good hardening medium. 

To bring out all the chief characters of the glaudi;, some sections 
are to be stained in logwood and motinted in balsam. The sections 
may be out by freezing or in paraffin, after staining in bulk. Stain 
others in picro-carmiue, and mount in. Farrunt's solution ; others in 
dilute carmine (24 hours). Stain others with i p.c, watery 
Rulution of aniline-blue (Nicholsou's No. 1) for twenty minutes. 
Wash in glycerine and water, and mount in Farrant's solution. 
For other methods {p. 37 1). 

1. V.B. Cardiac End. — (ti.) (L) Observe the relations, relative 
thickness, and structure of the several coats. The mucous coat, 
with its gastric or cardiac glands, or glands of the funduB, set 
vertically like so many tubes in a rack (fig. 256). The glands are 
simple tubular glandn, and some of them have several secretory 
part* opening into one duct ; at their biises is delicate connective 
tissue, adenoid tissue, and blood-vessels. Below the closed ends 
of the glands, iu the cat, a clear homogeneous layer of condensed 
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connective tissue, and under this two or three tiiin layers of non- 
striped muscle — the muscularis mucOBiB. Xlie clear layer of con- 
densed tissue is not present iu the rabbit, dt^, or man. 

(6.) The Biibmucous coat, composed of loose connective tissue, 
with large blood-vessels and a few fat-cells. If the mucous 
membrane be folded and rugs are 
present, the connective tissue will 
be seen to run up into the folds. 

(c.) The muscular coat cousists 
of two or three layers of smooth 
muscular fibres. The appearance 
varies according to the manner in 
which the plane of the Bection 
cuts them, for the stoDiaeh has 
an outer longitudinal and an inner 
circular, and in some places an 
obliq^ue muscular coat. 

t</ ) Outside all a thin layer — 
pentonemn or B^X>ub coat-— con- 
sisting of fibrous tissue covered by 
a layer of eujothelium, 

(e.) (H) Study specially the 
mucous coat. Observe the 
columnar epithelium lining the 
stomach, and dipping into the 
. mouths and lining the ducts, 
I which are slightly funnel-shaped, 
■ The cells are tall and narrow, and 
if the section be not too thin, the 
ends of them may he seen as 
very small, clear, ehurply-de fined, 
polygonal areas. As they secrete 
mucus, they have been called mucous cells. The upper two-thirds 
or so of the cell is much clearer than the lowest third, which tapers 
somewhat, and is more granular. Each cell contains an oval au<deus 
in its lowest third, i.e., near its attached end. 

(/.) Select a fundus gland (fig. 257). Trace its duct down- 
wards, and note that perhaps it is common to two secretory 
portions. In the true secretory part, note the large ovoid, border, 
parietal, or outer cells, lying next the basement membrane, — ovoid 
in shape, granular in appearance, and containing an ovoid nucleus 
They do not form a continuous layer, but bulge out the basement 
membrane here and there. At the upper part of the gland-tube tlie 
parietal colls are smaller, and placed nearer each other, while 
towards the fundus or base of the gland they are larger and further 




Fio. 156— V.S. WbU of HnnuD Stomach. 
Jl. Epithelium ; G. Otaods ; Mm. Mus. 
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apiirt, the interval between any two being occupieJ by tbe inner or 
central cells. The parietal eel la are deeply ataiuei) by onilinn-bhie 
and carmine, and oamic acid, while in a logwood-atained section the 
inner cells are usually more deeply stained. 

Observe a coutinnons layer of cells — inner, central, or chief — 
lying intorniil to the parietal cells. They are siiialler, and bfkirif; 
more to the coluninnr type of cell, but they are not of unifonn hc!j,'lit 
throughout ; thus they are ahorbor over a parietal cell and ]arf;er 
between two parietal cells. Each ctil contains a spherical nu lens 

The lumen of the gland tube is very 
narrow. The secretory part is much longer 
than the duct 

{g.) Arrange the preparation bo that the 
lower ends of the glands come 11 to mi'w 
Nr)t« their closed ettrenuties, and if tl 
granular epitliclium have shrunk somewl 
the basement membrane of each gland tul 
may be seen ; very probably traiisitrsa r 
oblique sections of the lower part of tl t 
gland will bo found (hg 257) 

(A.) At the bit's s of th gland tubes but 
outside their baaewent membrane n< te t) 
delicate connective ti->ue or adenoid ti^Mii- 
with a number of leucocytes. If the serti 
be From a cat's stomach a clear homogen 
ous layer runs outside this ' 

(('.) Outside tins the muBCulans mucoEie ' 
comjiosed of at least two la> rs of non stnpp 1 
muscle arranged in opps-iite dirtction 
Especially in a balsam specimen, fine ^traivln 
of muscular fibres are always to be aciii 
passing from the musculuris muciMie in- 
wards towards and betwcea the glands, « -^ -^ 
Usually these fine strnnds pass inwards '"'—■" "^ "^ 
between grou[ia of glands. In tha osmic ''' |^aoUhBS?tuiiiu""'^ui. 
acid prepawtions, the parietal cells are much oani a 4 
darker than the central cells. 

(j.) There is nothing particular to note iu the structure of the 
other coats. 

2. T.S. Fimdua Qlands. — Make & section parallel to the surface 
of the mucous membrane, stain with logwood, or picro-carmine and 
aldeliyde-grecn, or use an osmic acid preparation, 

(H) Observe that all the glnnd-tubes are not cnt at the same 
level; some are divided throufth tlie duct, others through the 
secretory part of the tiilic. In the latter observe the large parietal 
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cclb— few in number— aiiJ inside these a complete layer of inner 
cells bounding the small lumen of the tube (fig. 258). The glands 
ate arranged in groups as shown 
by the connective tissue sur- 
rounding se^eril tubea. This 
is very mttrked in the pig 

3 FreBh Fundus Gl^ids — 
From the 
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because its gland tubea aro short, but a rabbit 
does very weU. The elevations of the base- 
ment membrane due to the bulging of the 
parietal cells are usuilh "eil seen. 

4. V.S. Pylonc UucOus Hembrane (fig 
259). — (a.) (L) Observe the same arraiigemeiit 
of coats as in the cardiac end ; but the muscu 
lat coats are thickec ; the mouths of the gland 
tubes are wider and longer, the secretory ptrt 
more branched and shorter than in the cardnc 
portion. There is also much more connectn e 
tissue between the glands. 

(6.) (H) The wide mouth of the glands, lined 
by narrow columnar epithelium, the secretory 
part consists of several tubes o]>enitig into om, 
gland-duct. The secretory jiart lined by a 
single layer of cells, somewliat cubiLal, but 
there are no parietal cells. 

(it.) There is much more connective tissue 
between the tubes. A mass of adenoid t ^^^^^ 

— solitary follicle — may be seen in the deeper 
part of tlie mucous coat. In some cases its pointed apex may be 
Been reaching nearly to the surface of the mucous membrane 

5. Osmic Acid Freparatioue. — Few reagenta are so good for 
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fixing the cells of the glands of the mucous membrane (mount in 
Farrant's solution). In sections of the fundus, the outer cells are 
more deeply stained, and so are readily distinguished. The columnar 
cells lining the ducts of the cardiac and pyloric glands may be 
blackened by the osmic acid where they contain mucigen. 

6. Blood-Vessels of the Stomach. — Make V.S. of an injected 
stomach embedded in paraffin. Mount in balsam. Tliey must not 
be too thin. Note the large vessels in the submucous coat, and 
from them smaller vessels proceeding vertically upwards, splitting 
up into capillaries between the tubules, and forming a capillary 
network round the mouths of the glands. Beautiful plates by Mall.^ 

7. Fyloro-Duodenal Mucous Membrane. — It is well to have a 
section through the pyloric valve to include the mucous membrane 
on its gastric and duodenal boundaries. To ensure this, the mucous 
membrane or entire thickness of the stomach must be pinned out 
on cork before it is hardened by any of the methods, e.f/., sublimate 
(p. 267). It is treated Hke the sections of the stomach, and does 
best when stained with eosin-hsematoxylin. On one side of the 
thickened pyloric valve — the increased thickness being due chiefly 
to an increase of the circular muscular fibres — one sees the pyloric 
structure, and on the other that of the duodenum. The tubular 
glands of the stomach are confined to the mucous membrane, but 
the acini of Brunner's glands lie in the submucous coat of the 
duodenum. 

8. Junction of (Esophagus and Stomach.— Similar preparation? 
may be made. The transition from the oesophageal mucous mem- 
brane with stratified epithelium .and few glands in the oesophagus 
to that of the stomach with its columnar epitheHum and mucous 
glands is sudden and abrupt. 



ADDITIONAL EXERCISES. 

9. Bonble-Stadning the Stomach. — Harden the stomach in Mliller's fluid, 
and stain (24 hours) the sections in indigo-carmine (p. 67) ; afterwards extract 
the excess of pigment by steeping them for half an liour in a saturated solution 
of oxalic acid. Mount in Farrant's solution or balsam. The parietal cells are 
grey or blue, the central ones coloured, but with red nuclei, and the smooth 
muscle blue with red nuclei. 

10. Ehrlich-Biondi Fluid. — Stain in this fluid sections of the mucous mem' 
brane fixed in sublimate (saturated in ,6 per cent. KaCl). If the fluid be kept 
for some time, an additional quantity of acid-fuchsin must be added to it. 
The parietal cells are red and their nuclei blue ; the chief cells are scarcely 
stained at all, but their nuclei are faintly blue. Vacuoles may be seen in some 
of the outer cells. 

11. Aniline-bine and Safranin. — Sections of the cardiac end fixed in 

^ Vessels and Walls of Dog's Stomach, Johns Hopkins IIosp, Ecp., vol. i. 1893. 
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mercuric chloride are stained with aniline-bine and then with safranin. In 
balsam preparations the parietal cells are (Mile blue, the inner cells red. 

12. Isolated Cells of Gastric Glands. — Macerate fragments of the gastric 
mucous membrane of a newt in 5 per cent, ammonium chromate (24-48 hours). 
Stain in picro-carmine, and tease in glycerine. Numerous isolated cells from 
the ducts and secretory parts of the glands are obtained. 



LESkSON XXV, 
THE SMALL AND THE LARGE INTESTINE. 

SMALL INTESTINE. 

It has four coats — mucous, submucous, muscular, and serous. 

Study specially the mucous coat. In man, in certain parts, there 
are permanent folds of the mucous membrane — ^valvulsB con- 
niventes — and everywhere the surface is beset with small conical 
elevations — villi. At the bases of the villi is a layer of simple 
tubular glands — ^Lieberkiilm's glands — embedded in an adenoid 
tissue matrix. Underneath this is the musculaiis muc0888| usually 
consisting of three thin layers of smooth muscle. 

A villus (. 5-3 mm. long) consists of a central core, enclosing a 
lacteal, and covered by a single layer of columnar epithelium with 
goblet-cells (Lesson V.). The body of a villus consists of a tissue 
like adenoid tissue with leucocytes and other cells. The central 
lacteal is really a lymphatic, and begins by a closed extremity. 
Several strands of smooth muscle pass from the muscularis mucosas 
into the villus, and reach its upper extremity. It is very vascular, 
and the blood-vessels are distributed immediately under the epi- 
thelium. 

The mucous membrane also contains Solitary foUicles, and in 
some situations Payer's patches^ the latter are most abundant in 
the ileum. 

Methods. — Make transverse sections of the small intestine of a 
cat or dog hardened in a mixture of potassic bichromate and 
chromic acid; Klein's fluid; \ per cent, chromic acid; Kleinen- 
berg's fluid ; or mercuric chloride. 

(i.) Stain a section in hsematoxylin and mount it in balsam, or 
stain another in picro-carmine and mount it in Tarrant's solution. 

(ii.) All the parts and their relations are best preserved by 
staining in bulk in borax-carmine and cutting in parafl&n, or embed 
in paraffin, cut^ flx on a slide, and then stain. 
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(iii.) Cut sections by freezing and place some in i per cent, osmic 
acid (24 hours). This sharpens the outlines of many of the structures. 

(iv.) It is convenient in teaching to give a complete transverse 
section of the small intestine of a small animal, e,g.y mouse or 
kitten. In herbivora the wall of the gut is very thin. Stain in 
bulk and cut in paraffin. Flemming's fluid is an excellent " fixing " 
reagent both for the small and large intestine. Stain the sections 
in safranin. 

1. T.S. Small Intestine (L). — Observe the serous, muscular, 
submucous, and mucous coats (fig. 260)' 

(a.) In the mucous coat, the surface beset with small conical 
projections — villi — which, if they are contracted, exhibit wrinkles 
on their surface. At the bases of the villi a single layer of simple 
test-tube-like glands — ^glands of LleberktUm — or intestinal glands, 
embedded in an adenoid tissue matrix. Outside this the moscu- 
laris mucos». 

(h,) The submucous coat, composed of fibrous tissue with nerves 
and blood-vessels. 

{c) The muscular coat, composed of two layers, an outer longi- 
tudinal and an irmer circular layer,. In the cat, the latter is much 
thicker than the former. 

{d.) The serous coat. 

(e.) (H) Study a villus. Observe the single layer of granular 
nucleated columnar epithelium covering it, each cell with its free 
end covered by a clear disc, with vertical striae (fig. 260). The 
succession of these free clear borders looks like a clear hem round 
the circumference of the villus. Occasionally leucocytes may be 
seen between the cells. 

if.) The goblet-cells, chalice, or cdliciform cells scattered among 
the former (fig. 260). They may be seen from the side, or their 
open rounded mouths may be directed toward the observer. When 
seen from the side, they are ovoid, with a larger and clearer upper 
part containing mucigen, and a smaller, lower, granular, nucleated 
part (Lesson V.). Sometimes a plug of mucus may be seen protruding 
from the mouth of a ceU. It is stained blue with logwood and brown 
with Bismarck brown. If the mucous glands be active and the fresh 
tissue be fixed in osmic acid, then the plug of mucus is black. 

(g.) In the centre of the villus a vertical space, the radicle of a 
lacteal, with a thin nucleated wall. The substance of the villus 
consists of adenoid tissue beset with leucocytes. Close under the 
epithelium, perhaps, sections of capillaries, and a little farther in 
one or more strands of non-striped muscle, which can be traced to 
the apex of the villus, and downwards to the muscularis mucosae 
{^g, 260, MM). 

(A.) The glands of Lieberkiilm lined by short columnar nucleated 
26 ^ 
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cells, the nucleus near the attached end of the ceU. There is 
a gradual transition from these colls to those covering the villL 
A clear border may be seen on their free ends. Bizcoiero has 
called these "protoplasm cells" to dis- 
tinguish them from the goblet^ells which 
lie amongst them. GiobletcellB, however, 
are far more abundant in the large inteetine. 
The lumen of each gland is distinct, and, 
especially if the lining ceUs be raised 
slightly, the basement membrane of the 
gland-tube may be seen. Betvreea the 
gland-tubes numerous leucocytes luid 
adenoid tissue ; in fact, the glands are set 
in a meshwork of this tissue. 
(i.) The nMUcnlftria mucoBn sends deli- 
I cate processes into the villi. This is best 
recognised in balsam specimena, by the 
arrangement of the fusiform nuclei of the 
smooth muscle cells, 

(j.) A solitary gland or a Feyer's patch 
giu* may be cut, but it is better to have special 
preparations for these, 

2. Peyer's Patches or Agminated 
Lymph Follidea. — (i.) Make V.S. through 
a hardened Peyer's patch (sublimate or 
alcohol). Stain with eosin and heemato- 
xylin and mount in balsauL 

(ii.) Fix a Peyer's patch of a rabbit or 
guinea-pig in Flemming'e fluid. Fix a sec- 
tion on a slide and stain it first in i per cenL 
aniline-blue (watery). Wash out in i per 
cent ammonia, then in .5 per cent HCl, 
and stain in safranin (Garbini). Mount 
Fia. lSo.—^.s, Stn*!] Jntetting in halaam 
(Cst). K.vmi; iO. Lleber. "' ™'™"- 

iuho'i giiinds; MM. Mui- (L) Observe a group of oval or roundish 

S!jSitr'°^'"ion'iit?dinii "'^^^ o^ adeuoid tissue crowded with 

flbreg of nimeii]«r coal; s. leucocytes Confined to one side of the gut 

""" "" ' The conical apices of some of them may be 

seen projecting upwards quite to the mucous surface, covered only 

by a layer of columnar epithelium. Between the epithelial cells 

may be seen colourless corpuscles which have wandered from the 

adenoid mass. The lower ends of the masses usually pass down 

into the submucous coat !No villi exist over the apices of these 

masses of adenoid tissue if they project well into the mucous layer. 

If, however, they do not, but exist merely as rounded masses of 
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adenoid tissue in the submucous coat, tkeu they present the appear- 

A sditary follicle — exactly liie one of the numerous foJiicloa 
which compose it Peyer's patch—may be aoen (fig. 262), 

3. Blood-VcBsels ' of 
the Small Intestine,— 
Make a pretty thit'k 
transvei'se section of a 
well-injected small in- 
testine (cat). Cut in 
paraOin and mount in 
balsitm. 

(L) The mucous coat 
ia the most vascular 
part ; the larger vessels 
lie in the submucous 
coat, and few vessels in 
the muscular coat. 

(H) An artery runs 
to the upper part of 
each villus and gives 
off a plexus of capil 
laries ; a vein on the 
opposite side. A nch , 
plexus of capillanes \ 
between Lieberkuhn's. : 
glands. If the section 
pass through a solitary 
follicle, note that thi 
capillaries pass mto it 
and form loops (fig 
262). 

The general distnbu 
tion of the blood vessels 
is shown in fig. 363, ^^^^ ___ „ 1 

which shows how the 
blood reaches the vari- 

4, Surface View of 

Injected Villi — To see the general arrangement of the blood-vessela 
in the mucous membrane, inject the blood-vessels of a rabbit with 
a red gelatine mass. Mount in balsam a part of the wall of the 
small intestine, placing the raucous surface uppermost. 

(L) Note the villi, and trace the artery to its origin from a larger 
* r in the eubmucous coat (fig. 2 64) The artery runs on one 
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side of the villus quite to the apex of the latter, and the vein- 
wider vessel — descends on Uie oppositw aide. There is a dcnC 
plexua of ca]>iUaries (C) placed close under the apithelial coverin) 
The best figures of the blood-vcssela of the iuteatine are to be fouu 
in Mali's paper.' 

3. Nerre-PleiuBeB in Intestine. — (a.) Guld Chlnnde AfetltotL-' 
Wusli the small intestine of n raibbit wilh imrmal saUne, fill it witl 






lolltut? 




villi ai 



lemon-juice or 5 per cent, arsenic acid, and leave it in lemon-jaiottl 
or acid for five minutes. Allow the juiea to escape, wash the gu6 
in water, fill it with i per cent, gold chloride, and place it in J p 
cent, gold chloride solution (jo niins.). Wash it in water, an 
keep it in the dark in 35 per eent. fonnic acid (48 hours), 
now easy to separate the coata of the intestine from each other. 
Wash in water to remove all the acid, and with a ]iair of foreepa^ 
strip off the longitudinal museulai coat (Auerbach's plexus adhereS' 
to this) ; it separates quite easily from the circular coat. Preserv 
what remains. Mount a smalf jmrt of the longitudinal muscul 
coat in Farrant'a solution. 

(ft.) Metkyltne-blm Method (p. 284). 

' "Die B!ut- u. Lymjih-wage im Diinndttcni ilea YiwiAva.," Ahhatvi. li. maH 
fik-3/a. Olaase d, K. Sieha. Omll. d. Wimm., Bd. xxiv., I(jg7. 
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6. Anerbach's Plexus lies between 
tiiey are separated it usuaJiy adheres 
to the longitudinal coat. The general 
arrangement of the plexus can be 
seen irith the naked eye (fig. 265). 

(L) The polygonal meshwork of 
purplish stained fibres, with alight 
swellings at the points of intersection 
(fig. 866). 

(H) Tho mcsliea are so lai^e that 
only a part of them comes into the 
field of view at once. Note the non- 
medidlated nerve-fibres, and at the 
nodes, groups of nerve-cells. From 
the plexus numerous fibres are given 
off to supply the smooth muscle of 
the intestine. 

7. Ganglionic CeUs. — In a verticnl 
section of the gut (prepared as in 1) 
look for groups of ganglionic cells in 
the submucous coat and others be- 
tween tlie two layers of muscular 
fibr.« (fig. >67). 

8. Meiasner'B Plexus, — Spread moo™ 
what ri'maina after removal of tlie 
Icjnyitudiiml muscular coat on. a slip of gL 




s6i,-S,;heme ot the DlBlrrhiiUnn 
III Blo.j(l-Vi«sela i.i lIlE SliinM In- 
teBliiieofflUof. X.Jf. MuBtolari* 



mucous surface 



/m-.^,-. 




Fia. ic,.— Injected Villi ..t Small Inl 

upiieimost. With a knife gradually scrape away the jiiutwus coat. 
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With care— observing the preparation from time to time under a 
low power of the microscope — the prepress of the process of denu- 
dation can be easily observed. By and 
by the plexiform arrangement of Meissner's 
submucous plexus will be seen. Mount 
in Farrant'a solution (lig. z68). 

{i.) Observe the large wide meshes of 
the plexus. Compare the general arrange- 
ment of the plexus with that of Auer- 
bach's plesus. The fibres ore finer, and 
the groups of nerve-ceils smaller. 

(H) Note the gaDglionio nerve-cells at 
the nodes (fig. 268). 

9. Bruimer'8 Gliuids.— These glands 

are confined to the duodenum. Pfoceed 

rio. 96;. — Auerbicb's pieiui exactly as recommended for the small in- 

'"fj^l'iAj^*""'?'^"'"™^ teatine. Stain a section with logwood and 

gold chlorlue, x s. . . . . m ■ - 

use eosin as a counter stain, ihia gives 
excellent results. 

Perhaps the best method is to slit up the duodenum longitudi- 





nally, pin it out on a cork plate, and fix it in mercuric chloride (an 
hoar at 40° C. in a thermostat, or 24 hours at ordinary tempos- 



ssv.] 



SMALL INTESTINE. 



279 



tiire). The BurpluB HgCIj is extracted with water at 30° and 
afterwards with alcohol at 40° C. It is then removed from the 
cork plate and hardened in alcohol. Embed and cut in paraifin. 
Kuczyuski^ has investigated these, glands in a great number of 




animals and man, and tried a great variety of stains. Kleinenberg's 
fluid is also very ffMd as a fixing reagent. 

(L and H) Kote villi, Lieberkiihn's glands and the usual intes- 
tinal coats. In the submucous coat, which is thick, aco the acini 




of lirunner's glands (fig. 369), each corajtoaed of a Uiaement niem- 
lined by cubical or short columnar cells. A iluct from each 
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gland perforates the muscularis mucosee, paasee up between the 
intestinal glands, and opens 
on the free surface at tiie 
bases of the villi. It has a 
distinct lumen, and is lined 
by low cubical epithelium, 

10. Frrah ViUua.—Pre- 
ferablf that of a mouse. 
Sxtunine in noimal saline. 
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'"* Methods. — Prepare it in 

the same way as the small 

intestine, and make vertical 

transverse sections. The 

, details of the structure will 

necessarily vary with the 

animal used, but perhaps the 

.v.vM^voat. g^j. jg gg convenient an 

™Bit«din»iuyMi tn.,^ie'L'^u^. animal as any to employ. 

Kiiiiii'a gl»nd« Bo Bnumera glandg; g. I can strongly recommend 

"'" ' ' Flemming'a fluid. Sections 

to be stained with safranin. 

11. T.S. Large Intestine (fig, 270). — As the large intestine is 

wide, it is iiLceastrj iti miking the section to select a portion of the 

great gut which shows the longitudinal coat. In man, the coat 

is not a continuous one, the longitudinal iibres being grouped for 

the most jiart into three flat bands of fibres. 

(L) Beginning from without inwards, observe four coate. In 
the muscular coat, note the peculiarities of the longitudinal coat 
and the thick well-marked continuous circular coat. There is ' 
nothing sijecial about the submucous coat, uidess it be the exist- 
ence of BQlitery follicles, which, however, are not confined to 
the large intestine. The mucous coat is characterised by negative 
characters. There are no villi. It may exhibit folds, into each 
of which there runs a projection of the submucous coat. 
Lieborkiihn's glands, cut vertically, and some of them obliquely or 
horizontally. 

(H) In the mucous coat the glands of Lieberkiihn, larger than 
those of the small intestine, and lined by cells— protoplasm cells — 
with nuclei near their attached ends. Amongst them are vi,ry 
many goblet-cells (fig. 271). 





12, Vermiform Appendix (llLiltljit). — This is 
inaCructivB on occtiunt of the lymphatic follicliis 
it contains and the micro-orgnnisniH contained 
in these follieleB (p. 184). Fix it in mercuric 
chloride and treat it as recommeuiled for the 
othpr parts of the intestine. _ Tiie lymph-ainuaea 
arc readily injected by the "imncture" method 
with watery Bolution of Berlin-ljluB. Fix in 
Mflller'3 fluid and harden in alcohol. 

The lymph follicles are arranged in two or 
three rows, the ono insido thn other, but tlio 
innermont layer does not ]irojeet hcsyoiiil the level 
of Iho mueoua menihraue. Tbe ai)ii:ts of tlie 
inner row aro covered only by cylindrical epi- 
thelium. 
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ADDITIONAL EXERCISES. 

13. T.& ViUu.— SUin&lisrdened nmrous membrane (with Ti1]i)of&dog 
nr cat " in bulk " Id boni-carmine or Gleinenben^K 1o(prix)d, embed &Dd cut 
T.3. in p&raOin, fix on ft sUde, remove the pataffia with turpentinfl, clarify 
with clove-oil, aud mount in b«lram. Many of the villi will be cut obliqnelv. 
(H) Obeerve the lacteal (L) in the centre, and round it the structure ol the 
etroma of the villm, with uveral gronpa of non^striped tDnsde-cetld (m) olosa 
to and BDrronnding the lacteal In some animaU (oog) there ia a double tow 
e smooth muBclea (Gg 373}. The capillanea immedi&t«Iy uader the 
epitliebum M the smooth muscatar 
fibres parallel to Uie lacteal, and the 
stroma — composed of anastomodne 
"- e trabecnln with parenchymatona 
'" ""i lencocjrtea — make np t' 




1 the core of a 



elements [ 

Great differences exist in the rela- 
tive sue of the stroma end lacteal in 
villi In the dog and cat the lacteal 
is relatively small, and the stroma 
abundant in the rabbit the lacteal 
IB very Isi^ and the Btrotna scanty. 
14. NoD-StripedHowdeinVilU.— 
The method of Kultschitzky enables 
the coarse of the fibres to be more 
dearly traced Harden (for twenty- 
four hoars) a piece of dog's small in- 
testine in the following Suid: — A 
saturated solution of potassio bichro- 
mate and copper sulphat« in 50 per 
cent, alcohol (in the dark), to which, immediately before naing, is added 
^-6 drops (to loacc.) of acetic acid. The preparation and fluid miist be kept 
in the uark. Complete the hardening in ateotute alcohol. Make sections, 
and stain them in aeid chtonU-kydTote carmine, which is made ss follows : — 
Chloral hydrate, )□ grams; hydrochloric acid (1 per cent,), 100 cc. Add to 
this dry carmine (.75 to 1.5 sram), accoi-ding to the strength of stain desired. 
Boil for one nnd a h;iir hours, preventing evaporation by means of a cooling 
ap|>aratus. Allow it to cool ana Alter. If the preparations stained with this 
dye bo washed in 2 ]-et cent, alum, the nuclei and other tissues become violet. 
Sections stained tlius show the course of the smooth muscle from the 
miiscularis miicoscs obliquely between Lieberkiihn's glands into the villi, where 
they are arranged in several bundles near the lacteal. They curve as they 
ascend in the villus, the concavity looking outwards, and are fixed or inserted 
clo)ie under the epithelium. Tiicy pass quit« to the apex of the villus, becom- 
ing thinner as they go, whei'C they each split up into a pencil of fibres, the 
fibres being inserted close under the epitheliuiil. 

IS. Hejdenhain'a Method. — Harden small pieces of Ihu small inteatine, 
e.g., dog or OBt {24 hours), in a .5 solulion of common salt salarated with 
mercuric chloride. Place it for twenty-four hours in alcohol 80, 90, nnd 95 
per cent., and finally in abaolnta alcohol. Saturate with xylol, embed in 
paraffin, nnd cut thin sections, which are fixed on a slide with a "fixative," 
After the paralliii has been got rid of by turpentine or xylol, and the turpen- 
tiae disjilaced by alcohol, the sections are stained on the slide with Ehrlich- 



XXV.] 



LAflGE IXTESTISE. 



283 



rolumrs of n 



r. It reqnii^s 
lalwiDi. TMs 
ilyiug the variaiu forms of uelli tliat 



Riondi'a OuiJ (p. 81), djIuUd vith 40 
io~lz liouTB to stain the sectious, wliicl 
preparelion in [■articalarly valaalile for 1 
occur ill the stroma of a villiu.' 

IS. Absorption of r«t—{i.) FiimI a frog on fat l«con ; sfter two days kill 
it, and tense » portion of the dukohs menilirane of the intestine in normal 
saline, or iliBSocinlo it in dilate iJcobol. Observe the isolaEsd columnar celU 
crowded n'ith line granules of oil, whifh are blackenej oa the adilition of 
osmio acid. 




is. 



mtas or sections of it in paraffin dbcliar^ in part the black colonr of the fatty 
grannies (p. 33). 

(ilL) Fe«il a rat on bread and fat of bacon ; kill it faar hoara afUrwards by 
meanR of enrar^. Hanlvn the small intestine in OsO,. 

(H) Observe the projections like fold* of the mncons membranp. The 
colDDinar cells covering them are crowded with blackened particles — fatty 
granules blackened by oamic »oi<l (fig. 174). 

17. Tnbnlar Glands of the Intestine. — In studying these, different fixing 
fluids are used according to the animal selected (Ijizzozero).' Amon^t thr 
bcBt fining reagents are saturate') watery solution of |'icric acid or piiTO. 
Knlphnric arid (1 days), and wash in water (i duy), ral>3M]iiently hardening iu 
alcoboL This is suitable for the rectnm of the mouse and dtu;. For the 
diiodeiinm, tnther alcohol or Flrmming's fluid, or Hermann's Snid (Lesson 
XXXV.l. They are stained in lafra.iin (l-I hours), ™.sbed (10^15 sees.) in 
shsfllulo alcohol, and then stained in husiiiatoijlin. Cleared in hergiiioDt 
oil and moantcd in balHam. Safianin status the nuclei of the cells, Imt not 
the mncin. The Inttir is staiued by tlie logwood, and one can trace it from 
the goblet-cells passing into the lumen of the tubule. Hitcais may be 
obsel^wl both in the proloplaamie and goblet cella 
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The mucns in the fresh goblet-cells occurs in the form of grannies. This is 
best seen in a fresh preparation teased without the addition of any fluid, or at 
most in Miillur's fluid. In sections fixed in Flemming's fluid and stained with 
safranin, the goblet-cells are reddish. The network in these cells may be 
stained with Bismarck-brown. 

According to Bizzozero, the epithelial investment of the villi is not renewed 
by the pi-oliferation of the cells covering it ; but by the proliferation and 
upward growth of the cells lining Lieberkiihn's follicles. 

18. Terminations of Nerves in Stomach and Intestine. — Besides the gold- 
chloride method (Drasch,^ nerves of the duodenum), and the methylene-blue 
methods as used by Aronstein,- Golgi's silver method has been recently applied 
by Erik Miiller* for this jmrpose. The method used was Golgi's "rapid 
method" (Lesson XXX.), i.e., osmico- bichromate solution and subsequent 
staining with silver nitrate. The nerve- fibres become black, and numerous 
communications are found to exist between the plexuses of Auerbach and 
Meissncr. A very largo number of nerve-fibrils enter the villi, and are dis- 
tributed in them, reaching to the cylindrical epithelium covering them. They 
end free and have not been seen to end in or between the cylindrical cells. 
Some end in the smooth muscular fibres of the villi. Other fibrils surround 
the gland tubes. It is said that brunched cells, like nerve-cells, lie in the villi 
{R. y Cayal), 

19. Methylene-Blne. — Immediately after death inject into the thoracic 
aorta of a guinea-pig or rabbit the following fluid: — i gram methylene-blue 
BX in 300 cc. normal saline. Open the abdomen and expose the gut to the 
air for 2-3 hours. Place a thin piece of the wall of the small intestine in 
picrin-glycerine of S. Mayer (p. 192) and search for the reddish-stained nerve 
plexus {§. Mayer). 

If a piece of the gut be teased in picrin-glycerine, it is easy to isolate blood- 
vessels with their nerves. It is to be noted that methylene-blue not only 
stains the axis-cylinders of nerves, but also the cement of epithelial cells, so 
that in some respects it acts like silver nitrate. 

20. Vermiform Appendix {Itabbit). — Fix in Flemming*8 fluid, FoVs solution, 
or absolute alcohol. 

A. For Mitosis, — (i.) Stain the sections (5-10 mins.) in 

Gentian -violet ..... I gram. 
Absolute alcohol . . . .1500. 

Aniline oil 3 ,, 

Water 80 ,, 

(2.) Wash in absolute alcohol. (3.) Immerse (30-40 sees.) in I per cent, chromic 
acid. (4.) Again absolute alcohol (30-40 sees.) ; and (5.) in chromic acid. 
Then in absolute alcohol to remove all surplus dye. Balsam. In this way 
the chromatin of the nuclei is stained. 

B. For Micro- Organisms. — Stain as above in (i). (2.) Absolute alcohol 
(5 sees.). (3.) Weak iodine solution, i.e., Gram's method (p. 105) (2 mins.). 
(4.) Then alternately chromic acid and alcohol as above. Balsam (Bizzozero). 
The secret of petting good preparations is to wash th^m well in absolute 
alcohol until allsurplus dye is removed. 

21. Peyer'B Patches and PhagocytOBis.— (a.) Harden a Peyer's patch 
(rabbit) in absolute alcohol, cut sections in paraffin, and stain them in alum- 
carmine, or in addition with gentian-violet by Gram's method (p. 284) 

* Sitzb. d. k. Akad. d. Wissensch,, Bd. 81, iii. Abth., Wien, 1880. 

* AnaL Anzdijcr, Bd. ii., 1887. 

^ Archivf, mik. Anat,, Bd. xl., 1892. 
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(Buffer^), (H). In the sections numerous small leucocjrtes will be found to 
have wandered from the lymph follicles between the epithelial cells. There 
are always to be seen several much larger cells — mono-nucleated — in the lymph 
follicles. The smaller forms — which may be mono-nucleated or poly -nucleated 
— have been called microphages, and the largest macrophages because both 
are capable of taking up bacteria — dead and alive— into their protoplasm and 
changing them by a process of intracellular digestion. Transition forms 
between microphages and macrophages of leucocytes may be found. In a 
preparation stained by Gram's method the bacilli — which are found in the 
lymph-cells, but not in the epithelial-cells — are stained deep blue-violet. 

(5.) Sections of glands fixed in sublimate may be stamed with Ehrlich- 
Biondi fluid and the same kinds of lymph-cells as occur in lymph-glands arc 
fouud.2 The most numerous are (i) small lymph-cells with a nucleus (stained 
green) surrounded by a small quantity of rose-coloured protoplasm. (2.) 
Larger cells with rose-red protoplasm. (3.) Granular cells which seem to 
correspond to eosiuophiloos cells. (4.) Cells undergoing degeneration ; and 
(5.) Phagocytes, 



LESSON XXVI. 

LIVER. 

It is composed of a large number of lobules (i mm. (^ inch) in 
diameter), held together by a greater or less amount of connective 
tissue. Each lobule practically resembles its neighbour, and is 
composed of a mass of polyhedral or cubical liver-cells which have 
in relation with them blood-vessels and bile-ducts. The liver is 
covered by a capsule, which sends processes into the organ at the 
portal fissure, forming Glisson's capsule, which lies between the 
lobules in the portal canals, and surrounds the portal vein, bile-duct, 
and hepatic artery. The liver is supplied with blood by the vena 
portSB and hepatic artery ; they enter at the portal fissure, and the 
former divides into branches which ramify between the lobules, 
constituting the interlobular veins. From these veins capillaries 
pass into and traverse the substance of the lobules, and converge to 
a veinlet in the centre of each lobule — the central or intralobular 
veins or rootlets of the hepatic vein, which form sublobular veins, 
and these in their turn form the hepatic vein which carries the 
blood from the liver to the inferior vena cava The substance of 
each lobule between the capillaries is composed of liver-cells (20 /a, 
iQQ(^ inch in diameter), which form anastomosing columns, being 
more radiate next the centre of the lobule. Between the liver-cells, 

* Quart, Jour. Micr. Sd.j xxx. p. 481. 

? Hoyer, Archivf, mik, Anat,, xxxiv., 1889. 
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but always separated from the blood-capiUaries by hepatic cells ac 
part of a cell, in a fine polygonal plexua of channels— the 1nle 
capillarieB, which become continuous with interlobular bile-ducte 
at the margin of the lobule. The smaller interlobular bile-ducta 
uoite to form larger bile-ducta, which are lined by columnar epi- 
thelium, and in the walls of the largest of them are mucous glaads. 
The hepatic artery supplies chiefly the connective tissue between 
the lobules, and accompanies the branches of the bile-duct and 
portal veins, so that these three structures lie tc^ther in portal 

Kethods, — Hardcu portions of the liver of ^ e.^., pig, rabbit, cat, 
and man in Miiller'e fluid or 2 per cent potaasic bichromate (10-14 
days). If it be desired to retain the chromatin fibrils in the livei- 
cells avoid the chromic acid salts. Use sublimate, and then 
gradually increasing strengths of alcohol. Cut sections parallel to the 
surface of the or^an, and others at right angles to it, the latter to 
include the capsule. The sections can be stained in hsmatozylin 
and mounted in balsam ; or picro-carmine, or picro-lithium carmine, 
and Farrant'a solution 
may be used Staining 
m bulk and cutting in 
paraffiu is also good 

If unstained sectiona 
are mounted, the out- 
lines of the tissues will 
be much better defined 
if they be waked in 1 
per cent osmic acid (24 
hiurs) previous to beii^ 
'N^'^^'^ mounted m Farrants 

j^- PC solution 

/ 1 Liver of Pig 

Via »7S —Liter of PiB ihowing LobuiM PC Port«i {Hamoioxylm and Bai 

canal contalDinE i^ile-duct hepatic artery uidpor tujnt or Piymhthuim 
tiilvdi.(PJ) laepu S F Sublobnlarveln tv „' ^^ t^miunwm 
intrainbuiHr vein Camitne, 01 Meth'jlem 

Blue). 
{«.) (L) Observe the polygonal lobules (fig. 275) mapped outfrom 
each other by a network of septa of connective tissue, or Glisson'fi 
capsule (fig. 275, S). In the centre of each lobule a small thin- 
walled vein, a rootlet of the intralobular or h^tatic vein 
(I.V.). 

(6.) At the iDeriphery of each lobule sections of branches of the 
portal or interlobular vein ; if jwssible, find a transverse section of 
the latter, and it will be found to be accompanied by similar sec- 
tions of the bilfrduct (one or more) and hepatic artery (fig. 277, 
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p. v.). Branches of all three structures alwaya run together in the 
portal canala, and are aurroimded by Gliason's capsule. 

(c.) CapillarieS^for the most part empty- — running from without 
inwards in each tobule. Badiating from the hepatic veiolet columns 
of liver-cella, forming a network of secretory cells intertwining with 
the capillary plexna within the lobule. 

(d.) (H) The columns of hepatic cells radiating from the hepatic 
Teinlet, composed of polygonal or cubical cells, witli granular con- 
tents and an escentrically-placed aplierical nucleus. At the outer 
part of the lobule the network of cells is more polygonal, correspond- 
ing to the arrangement of the capillaries. Between the columns of 
cells, capillaries, sometimes with a few blood-corpuscles. The 
vessels, however, are not as distended as normal. Triinsvcrsc 




177— T8 Portal Lan..! Willi GlisaiuB Cnpaule, 
iilosfns Portal 1 elo tP V ) Bile duel (BI)} nii I 
— "- Arterj }.BA) The silt ii a ijaipliallt. 
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branches running between adjoining capiUanes and the whole 
interwoven with the cellular network 

In a hsematoxylm stained section note that the nuclei of the 
liver-cells are stained to a leas degree than the other nuclei The 
nuclei of the cells of the connective tiisue, bile-ducte, anil capillaries 
are more deeply stained In the picro-lithium prepwations, the 
cells are yellowish with nuclei red, but of difiereut shades of the 

With the low power iind a portal tanal with its contents hx 
them under the microscope and examine with (H) 

(e.) One or more sections of mterlobular bile ducts hned by a 
single layer of nhorter or taller columnar cells outaiiie them con 
nective tissue, disposed circularly and continuoua n ith that of 
Glisson's capsule (fig 277) A section of a branch of the hepatic 
artery and — the largest opening of all^of the i>crtul \em &omc 
elita may be seen in Glisson s capsule they are Ij mphatiea 
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2. Liver of Babbit.^It is convenient to study this liver, becaid 
in Bonie respet'ts it shows a transition between tjiat of the piy a 
man, as it occupies an intermeiliute place with regard to the denii 
cation of its lobules. In it the lobules are not nearly s 
defined by connective tisane as in the pig or camel, while t 
sejjaration from each other is more definite than in man. 

3. Human Liver. — Hiematoxyhn, balsam. 
(L) Observe the greater fusion of the lobulea. Practically, the 

arranpenients of blooil-vcsaels and cells in other respects is the same 
as ia the rabbit's liver (tig. 278). If the liver is aaiemic, the intra- 




lobulur bl owl-capillaries are iiarroiv, and the liver-cells appear tec" 
compress and narrow them. 

4. Liver of Frog or Kewt. — Harden a small piece in absolute 
alcohol or J per cent, oamic acid (24 hours). Stain the mass "in 
bulk" in Kleinenberg's Ic^wood or boi-ax-carraine, and mount iwM 
balsam. Mount the oemic acid sections in Farrant's solution v ~ 
out staining, or stain them in safranin (48 hours). 

(a.) (L) Observe the anastomosing system of gland-tubes n 
up of hepatic cells. Between them the narrower blood-capillar 
many of them Wled with blood-corpuacles. Here and there bl* 
patches of pigment — melanin— especially in winter frogs (fig. 379)! 

(''-) (H) Each cell is ])o!ygc»nal, with a large spherical nuclei»jl 
the contenta may be more or less granular, according to the phaaal 
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of secretory activity of the cells. In some eoiulitious the granules 
within the cells niay be arranged next the capillary ; in others they 
rire more regularly scattered throughout the cell Bubatance, Tha 
cells are arranged round the bile-capillaries, This ie beet seen in 
transverse se t ona of tl e litter wh 1 apjHjir as v y moll c roulaf 
apertures bounded by f ur or h e ells (hg 279) ^Vllen the tubes 
are cut lon^ tud nallj the b le 

capillaries are seen to pur^ e a OA o n ''-^"y- ®. 9 V=->.. \f 

zigzag cour e b«t veen tl c Ih ^\ '^^{>^^<3^ iFS\ ^ 
but this will be better seen a ~'*~~ 1 — ^ ■— '^ \^ 

injected spec mens, -^ 

(r.) The blood-capillanes w th ^ 

their nucleated blood-eori u lea ^ 

ami note that there s always a ^ 

cell or part of a cell between / 

the blooil Btroam tl ta le ^ 

lumen, and the b le-cbannela , ^ 

»itb very narrow 1 n na Any t ^ 



^t^rog C GsiiUlirtM. 



fatty gnin lea prese t 
osniic ac t sett on a e bla k 

5. Blood Vesaela of the 

Liver— Opaque Iiyectione ^Mount n balsan a sect on of a p ga 
hvor, with tl e P V mj ted w tl a red ojai n ass and the H V 
with a s m lar jellow mass. The 1 gbt from the reflector must be 
turned ofl and 1 ght focuieed on the preparat on bj a condenser 
(lig. 16} 

(a.) (L) 0> er G tie r Ijt, il 1 I les tl e br nchea of tie 
portal ve 03 a ound the per j.1 y of t! e lobules a d se d j, fi e 
branches nto tl e latter In the centre of the lobules tl s hej a 
veinleta yellow w th cap Uanee con erg ng to tl era The f 1 
laries w tliin the 1 bales p tly filled with red and partly v. tb 
yellow mass connectu ^ the portal and bepa c ve ous sy tems. 

(h.) 8 met mea a lo g tudmal sect o fa lobule may he seen 
Trace t! e ^ let to a larger bra cb nler tl e lobule t p to a 
Bublobnlar vein. T! e sull b lar emlets 1 1 t vecn the lobul s, 
but they 1 Ifer from b an hea of the portal ve n n ot b ng accom 
panied by a branch of the hepatic artery and bile-duct. 

6. Tmneparent InjectionB— Liver of Pig.— Mount in the same 
way a transparent injection of the liver of a pig. P.V. blue, and 
H.V. red. 

(«.) (L) The hepatic veinlct in the centre of the lobule. If cut 
transversely, it is circular ; if obliquely, oval ; and if the lobule be 
cut longitudinally, it appears as a central channel joining a sub- 
lobular vein. Tr^ce outwards from this a raili ally-arranged capillaiy 
network, with its crosa-b nine hea, riftht out to the outer part of each 
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]ti1>ule. Koti<:e that the ahape of the meshwork of capillaries is 
ililferent at tho centre and jieriphery. Between the lobulea and 
oiitaide each lobule branches of the portal vein. 

7. Liver of Babbit, Injected (lig. zSo), t.g., a section with its 
blootl- vessels injected with different colours, e.g., P.V. red (caVmine 
gelntine) and H.V. bine (Berlin-blue gelatine). Also a flection 
where all the blood-vessels are injected with a mass of one colour. 
In a double injection the rod and blue masses do ni>t alwaya occupy 
the area corresijoiid g to tl e blood vessel into wh h they were 
injected, hut with care bu h a p cce can be found in an jected 
liver. The arrange ent of the blood vessels correspon Is to tl t 
seen in the nninjc ted spec n ens only in the former the blood 
vessels are more pro nent t! an the cells. 

(a.) (L) Observe the interlob 1 r vc ns round the per \ hery of 
the lobule, the central or intralohul r ve n, ad tl e plexus of 




capillaries connecting the two. The capillaries converge towards 
tho centre of the lobule, where the meshes are more elongated. 
At the periphery of the lobule the capillary meshwork is more 
polygonal 

Very instructive also are those with only one set of vessels 
injected, e.(j., portal or hepatic. They serve to show the capillaries 
belonging to each area within a lobule. 

8. Injected and Stained Section. — A beautiful preparation is 
obtained by staining a section (blue injection) with picro-Iithium 
carmine. In it the vessels ore blue, the cells yellow, and the nuclei 
of the latter red. 

9. Bile-Ducts. — Mount in balsam a section of a rabbit's, or, better 
still, a guinea-pig's liver in which the bile-ducts have been injected 
with a concentrated watery solution of Berlin-blue. It is very 
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difficult to get a perfect injection, l)ut it ia easy in the giiinea-pig to 
inject the large bile-ducts. They are injecbed from the common 
bile-duct after ligature of the cystic duct. Sometimes it is better 
not to clamp the cystic duct, us after the gall-bladder is full it acts 
03 a reservoir, and prevents too great pressure, cuuaing extra vasatioos 
of the injection fluid. 

(a.) (LJ Large Bile-Ducts. — Numerous sections of these lying in 
portal canals betwefn the lobules Each is provided with a flbroui 
co-it conta n ng c rcular smw th muscular fibres 1 ed by colun ar 
e] thehum In tl e waits 
of the lar},est ducts are 
n uco e glanda wl h 
open into the bUe-du t 

(/ ) (H) Tl e bile 
capillaneB win tl e 
Ills Bfpear aa a fi 
h ft^i*"'*'^ netw ork of 
blue 1 ues between tl e 
Burfa ea of the hepat 
e lis (fig 282) If cut 
transversely theya].pr> r 
as mere blue spe ks 
between aljacent cells 
Tl ey are nob to be con 
fou led B tb the bl lod 
caj llanes, wh cb are 
nu h wider and a e 
arranged in a d fie ent r s — l, r, l 

way Te n bd S -4iie uiABC 

( ) The columnar ep 
thel u a. Immg the interlobular blle-ductH and thei 
(hg 281) 

10 Auto-Xi\|ectioii of Bile-Biicts — Place a p ece of nd ^,0- 
cirn ne ibo t the e ze of a s] 1 t pe.i, under the sk of the f re- 
arm of a p tl ed (bra n-destroyed) frog T e the slit to prevent te 
escape After twenty four houra the whole frog w U a[ pear q to 
bl e K II t, rap dJy remove tl e 1 ver cut it in an all p eces, a d 
place t at once la ab olute olcobol, wh eh fi^ea tl e blue colour 
Afte it a hardened cut sect o a a d. mount u balsam 

(a.) (H) Ihe blood v ssela are jellow w th gland tubes between, 
but tl e b le-cap liar es are blue They can be seen as blue zigzag 
fine streaks between tl e cells when tl e t be are c t longitu 1 nally 
and as very sn all lots when cut tra sy,K,eIj A tl n so t on gives 
a clear -v v of the r 1 t on of 1 !cK>d-ciii liar ea celh and I le 




c fibrous walls 
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A good plan is to clarify an unstained section with clove-oil con- 
taining cosin. The cells are stained red, and form a sharp contrast 
to the blue. A watery solution such as picro-carmine cannot be 
used to stain the cells, as it rapidly extracts the blue from the bile- 
channels. 

11. Fresh Liver-Cells. — Scrape the surface of a fresh liver, and 
observe in normal saline. 

(H) Observe the pale, nucleated, polygonal, or cubical faintly- 
granular cells, often containing small refractive oil globules. Often 
the cells are broken up. There are always many blood-corpuscles 
in the field (fig. 94). 



ADDITIONAL EXERCISES. 

12. Oonnectiye-Tissne Stroma. — With a camel's- Iiair brush pencil away as 
matiy as possible of the hepatic cells from a thin section of any properly 
hardened liver. The connective-tissue network may be afterwards stained 
with picro-lithium carmine or eosin. 

13.- Inlralobular Connective Tissue. — Various methods have been adopted 
to show the existence of connective tissue within the liver lobules and between 
its cells. The following methods reveal a network of black fibrils continuous 
with the interlobular tissue, and traversing as a network the substance of the 
lobule. This method is also useful for showing the trabeculse of the spleen, 
and the fibrillar structure in the splenic corpuscles and lymph-glands generally. 

(a.) B6hm*s Method, 

(1.) Harden small pieces (.5 cm. cube) in 0.5 per cent, chromic acid (2 

days). 
(2.) Silver nitrate .75 per cent. (3 days). 
(3. ) Wash in distilled water, harden, cut, and mount in balsam. 

(6.) OppeVs Method is available for liver hardened in alcohol. 

(1.) Yellow chromate of potash 10 per cent, (i day). 

(2.) Silver nitrate, large volume, .75 per cent. (2 aays). Much silver 

chromate is formed, so that the silver must be frequently 

renewed. 
(3.) Wash in water, harden in alcohol, sections, balsam. 

By either method the liver cuts readily on freezing, but hand sections, I 
think, are best. Paraffin embedding is not to be recommended. 
14. Bile-Capillaries {Bohm), Golgi's method. 

(1.) Harden (3-4 days) small pieces of the liver (.5 cm. cube) in 

Bichromate potash solution (3 per cent.) . 4 vols. 
Osmic acid (i per cent.) .... i vol. 

(2.) Place in 0.75 per cent, silver nitrate (2 days). 
(3.) Wash in dJjstilled water, harden in alcohol. 
(4.) Sections. Balsam. 
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The bile-capillaries appear as a black polygonal network on a yellow ^ound. 
It is rare, I find, to have the whole thickness of the tissue eaually well 
stained. Only a thin layer on the surface shows the capillaries well, but the 
result is excellent. I find that the sections keep for a long time if they are 
mounted under a cover-glass. 

15. Glycogen in Liyer-Cells. — (a.) The animal must be well fed, e,g. , rabbit, 
with caiTots, and six hours or so thereafter it is killed. As glycogen is soluble 
in, or is at least extracted from, the liver by water, small pieces of the liver 
must be hardened in alcohol. In a section placed in a weak iodine solution 
or Lugol's solution (p. 93), the glycogen granules in the cell protoplasm 
are stained of a port-wine colour. In sections of liver sometimes one sees 
vacuoles from which the glycogen grannies have been washed out. 

{b. ) Harden the liver of a well-fed frog in osmic acid, make thin sections, 
and irrigate with iodine. The granules of glycogen in the hepatic protoplasm 
are stained brownish. 

16.- Beactionfor Iron( Tizzonfs). — (a.) Select the liver of a young animal, and 
harden it in alcohol. Place sections in the following fluid, which should be 
freshly prepared : — 

"Water 90 cc 

Hydrochloric acid (25 per cent. ) . . . .1.5,, 
FeiTicyanide of potash (i : 12) . . . 3 ,, 

Mount in balsam. Particles of free iron are coloured blue. Particles of free 
iron are seen in the spleen, liver, and kidney by this reaction. 

(6.) ZcUeski.^ — Harden the liver in 65 per cent, alcohol, then in 96 per cent, 
alcohol to which a few drops of sulphuretted hydrogen are added. After 24 
hours the iron granules assume a green colour. 

17. Injected Human liver. — {a.) For a double injection, and in order to 
save injection-mass, the plan recommended by Orth is excellent, viz., to pass 
an elastic catheter as far as it will go into one of the branches of the portal 
vein, and through it to make the injection. The hepatic vein is treated in 
the same way. Sections of a well-injected part may be afterwards stained 
with picro-lithium-carmine. 

(6.) In a way a natural injection of the liver is obtained by hardening a 
human liver which is congested, and contains a large amount of blood. Such 
livers are apt to show pigmentation of the liver-cells and other changes due to 
disease. 

18. Figment in Liver. — The presence of pigment in the liver-cells or capil- 
laries is a matter of considerable importance in regard to the question of the 
destruction of blood-pigment in this organ, or whether the liver acts as a trap 
for pigment already altered by its passage through the spleen or gastro- 
mesenteric capillaries.^ 

In winter frogs the liver contains a large amount of black pigment, which 
lies in the blood-capillaries. 

19. Granular Cells of Ehrlich.— Harden the liver (ox, pig) in absolute 
alcohol. Place sections for 24 hours in Westphal's fluid (p. 67), wash in 
absolute alcohol (4-6 hours) until all is clear, only the granular cells remaining 
stained. Balsam. The granular cells (*'Mastzellen") are reddish violetj 
and lie in the interlobular connective tissue. 

^ Zeitsch,/. Phys. Chem.^ xiv. p. 274, 1890. 

3 W. Hunter, Brit, Med, Jmr,, Nov., Dec 1892. 
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LESSC^X XXYIL 
TRACHEA— LUNGS— THYBOID GLAND. 

The tnchea, a £>jro-zDii£icn]flr tn^be, the will of which contains 
16-20 G-fibjijiE»d pieces of hvaiine cutibge held together by a 
iihrouB membraxie. Beliiixii, the lings aie deficient^ and the trachea 
is membnnoTi^ and there it is strengthened bj smooth muscle — 
Irarh^iJU 9nw*^h — wLich stret^ches between the ends of the carti- 
lagvsa. It is lined by a mucous membnne, which is united to the 
outer fibrrjUB c^iiat liv a submucous coat. The mnooos coat consists 
frf>m within outwaids of — (i.) Stratified, columnar, ciliated epithe- 
lium; (2.) Basement membrane; (3.) A basis of oonnective tissue 
with capillaries^ and infiltrated with adenoid tissue ; (4.) A layer of 
elastic fibres arranged longitudinally. Outside this is a loose sub- 
mucous coat^ in which lie the acini of the glands. 

Tlic mtra-pvlmonary broocdii are lined by stratified ciliated epi- 
thelium resting on a basement membrane. Outside this is a basis 
of fibrous tissue, with numerous longitudinally-arranged elastic 
fibres, and some adenoid tissue. Outside this^ again, is a com- 
pletely circular layer of smooth muscle — hrtmchial mtisele. Then 
follows the gubnwcous coal with its vessels^ glands, and in some 
animals (cat) masses of adenoid tissue. Most externally is the 
fibrous coat^ in which are embedded setxral pieces of hyaline 
cartilage of irregular shape. As the bronchi pass into the lung, 
they di\'ide and form smaller and smaller tubes, until they end 
in terminal bronchi or bronchioles. £ach bronchiole, with, thin 
walls, no glands or cartilage, and the epithelium cubical and non- 
ciliated, oi>ens into several wider expanded parts — ^inftmdibiila or 
alveolar passages — which are beset with air-cells or alveoli. The 
alveoli are spherical or polygonal vesicles, which open by a wide 
opening into the infundibula ; the air-vesicles, however, do not open 
into each other. The air-cells are lined by a layer of squames — 
large, flattened, irregular plates — with small granular ceUs here and 
there between them. 

Blood- Vessels. — The branches of the pulmonary artery accom- 
pany the bronchial tubes, and finally terminate in a rich capillary 
plexus over and outside tlie basement membrane of the air-vesicles. 
The blood is returned by the pulmonary veins. The bronchial 
vetfj<eU seem to supply chiefly the connective tissue along the 
bronchi and in the septa. Numerous ganglia exist in the intrar 
pulmonary nerves. Lymphatics are numeroua 
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THE EJESPIEATOIIY OEGANS. 

Methodfi.— (i.) I'lucc msuiU i)Oitions of tlj« trachea uf a. c^it and tho 
human trachea iii .2 jier cent, chmniii; aciil (10-14 <Iaja) or «u''- 
liniate, atid harden afterwards in gradually increasing etreugtha of 

(ij.) Fill the lungs of a cat with .2 per cent, chromiu acid, nnd 
after closing the ti'achea suspend them in a large quantity of tin; 
came flnid. After two days cut them into siuull portions and koop 
tiiem (14-20 days) in fresh chromic acid solution and comjileto tlio 
hardoning in alcohol. 

(iii.) Harden Bniall parts of the human lung — as freah as ])OHsitjIu 
^-in the same fluids. 

(iv.) FiK tlie trachea in Flemniing'a fluid, harden in alcohol, and 
stuiu with safranin. Admirable for epithelium. 

Trachea.— Klake trausre'rse sectiotia across the trachea of a cat, 
and also longitudinal vertical sections, so as to include the cartilage 
of two or three rings. This 
is best done by staining in 
bulk and cutting in paraffin. 
If done by freezing, stain 
T.S. and L.8. sectiona in 
hematoxylin, and mount ia 
balsam; others in picro-c 
mine, and mount in Farrajit'a | 
solution. 

1. T.S. Trachea (fig. 283). 

(«.) (L) Observe internally 
the mucous coat, outside it 
the submncoua coat, and 
external to this an incom- 
plete ring of hyaline cartilage 
pinliedded in tlie outer or 
fibrous coat. Tho fibrous coat bee 

(/'.) (H) The fibrous coat of connective tissue, and embedded 
in it an incomplete ring of hyaline cartilage. Notice the arrange- 
ment of the cartilage cells in the latter. The ring is deficient 
posteriorly, but bridging over the gap and extending between the 
ends of the cartOage there is a transverse band of smooth muscle, 
the IraeheaUe mumde. Outside it are muscular fibres cut trans- 
versely. Tlie coata just inside the nmscle are ajit to bo thrown 
into folds in a trachea detached from all its surroundings. Sections 
of nerves — iiethaps with ganglionic cells — may bo seen near tlia 
muscle. 




continuous with the sub- 
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( ) The Bnbmncons coat^ composed of more open connective 

tissue and continuous with the former In it are the acmi of 

nLncooB glands but aa 

' the glands are more 

[ abundant in the spaces 

; between the cartilages 

then diBtnhution is 

. better seen in a longi 

tudinal section. It la 

rare to find a duct, as 

they pierce the mucous 

coat obliquely and 

open on its inner sur 

(d) The macons 
coat composed of 
fibrous tissue covered 

by stratified cihated epithelium Under the epithehum is a longi 
tudiini layer of elastic fibre"*, which are therefore cut across trans- 
versely ^^ ithin tl is a basis of connectiie tissue infiltrated with 
adenoid tisau and internal to this again a structureless basement 





.noliialvein; F. AIt-tmH:!* 



id PV. PalmoniHT trttry and 



membrane, best seen in very thin sections, and best of all in a 
human trachea. Keating on the basement mcnihrano is the ciliated 
ejiithelium. It occurs in several layers, hut only the superficial 
layer of cells is ciliated. In the lower layers of cells — three or four 



If a. gland-duct be fuund, 

1 tbe free Burtace of the 

study tho glands, iiae 
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layers — some are pear-shaped and tlie lowest more oval. Very 
frequently a thin layer of uiuctia is adherent to the cilia. Tlie 
arrangement of the cells of the raucous layer ia the same as in the 
"bronchus (fig. 286). 

2. L.S. Trachea (fig. 284) (L and H).— Compare those with the 
previous section. The coats are the same, but several oval pieces 
of hyaline cartilage are Been one after the other embodded in the 
libroua coat. The elastic fibres are now seen arranged longitudi- 
nally. The acini of the mucous glauds are moat numerous in the 
interspaces betweeu the cartilages, and amongst the acini may be 
seen leucocytes and some adenoid tissu 
it opens by a funnel-shaped expansioi 
mucous membrane. If it be desired to i 
hematoxylin and eosin as stains. 

3. T.S. Human Trachea (L and H) — Observe the general 
similarity to the previous prepai-a 

tion. Here, however, the f,land3 

are well-developed ; the bi^sement h 

membrane is well marked, and m L^ 

picro-carmine specinions is stained L 1 

red, Some of the supeiiicial epi t 

thelial cells are apt to be detached \ I 

4. T.S. Intra-Pulmonary Bron I 
chuB.— (a.) (L)Obser\ethe fih.uis J, 
root, and outside it the vesu iilar ^ 
tissue of the lung. In the liljroua - 
coat — two or three — pieces of =^ 
hyaline cartilaga The submucous p 
Coat, with its glands (fig 285) p 

(i-) Inside this a complete ring 
of smooth muscle — h-oiuhial inusrls t '^y 

— perforated here and there by the ^'^ _ ^ '' 

ducts of the glands. Immediately y,^ m -t*s 'm7™™ M8mbr.D. <>( 
inside this, in the mwius ami h im™ uron 1 b o m oub; j. 
several layers of longitudinil elistic nient ineuibnuie "riungHncUi'Si 
fibres cut transversely Most in S'c'nn''ui™'duS^Blth'oiiootylei 

temal, ciliated epithelium like uudii^jDieDi. 
that lining the trachea and resting 

on a basement membrane The mucous membrane is frequently 
thrown into ridgea or fold? 

(c.) In the fibrous coat external to the cartilages, search for 
sections of two large vesscls^tbe pulmonary artery and vein — and 
of small branches — the bronchial vesseh Also several sections of 
nerves; in the course of some of them may be found ganglionio 
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(il.) {H) Study specially the mucous membrane. Note th* 
epithelium, basement menibnine, and the longitudinal layci 
elastic fibres uiiJer il (Bg, 2B6). 

5. Vesicular Structure of the Lungs. — Make sections o 
lung hardened by tlie freezing methoil. I^t the settions >« cut a 
as to include the pleura and eubjucRut lung. Stain in hiematosyliia 
and mount in hulsum. 

(a.) (L) Observe the pleura, with its two layers, the 




layer sending fine septa — interlobular aepta^into the lung between J 
its alveoli (fig. 287). 

(''.) The alveoli or air-celh cut in every direction; sora 
as an open network, and others with a hase. The outline of t 
alveoli n»y be aomewhat irregular, a»*ordiug to the extent of daa 
tension of the lung. Here an-d there, between groups of alvedf 
jiia_y be eeen a wide passage — the infmdibidwn. 
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(e.) (H) In each alveolua etained oval Duclei, belonging to tlie 
squamous epithelium lining it, but the outline of the squiuiies theui- 
selves cannot be seen. Sections of the cai>illarie3 on the wall of the 
alveolus and their nuclei atuined. 
In the thin walls, separating ad- 
joining alveoli, fine elastic fibres, w/. 

6. Beapiratory Epitbelium \' 
of the Alveoli, — (i.) Remove j j 
the lungs from a young kitten, J( , 
and fill them with a J per cent, 
solution of silver nitrate. Eun 
in the fluid from a pipette pro- 
vided with a bulb on its stem. 
Pump the lungs from time to 
time to remove as much air as 
possible. After hali an hour 
replace as much as possible of 
the silver solution by means of 
alcohol Tie the trachea, and 
suspend the lungs in alcohol till 
they are hardened. Cut sections 
by freezing, mount in Farrant's 
solution, and expose the sections 
to light. They become brown. "'^Bfl^Ll 
Sections can be stained 
hffimatoxylin or picro-carmino 

(ii.) Fill the lungs with ,25 percent AgNOj aud suspend them 
in .5 per cent. AgXOj (1-3 hours) DitJu ion takes plaLe but 
into pieces and place in alcohol {So per cent) 

(H) Select an alveolus which is so iliviUed as to have a base, and 
observe the silver lines showing the boundarj lines of the Miuamous 
epithelium which lines it. At the jum tion jioinls of some of these 
are groups of two or three small, [ olyhedral, (.raiiular cella staine 1 
deep brown (fig. a88). 

7. Blood-vesHels of a, Maminalmn 
Iinng. — Mount in balsam section.'S 1 f 
injected lung. 

(Land H) Observe the alveoli, 
beset with a dense plexus of capill 
(fig. 289), andespecially where the i 1^ ' 
of an alveolus is seen, the wavy courst, 
of the capillaries passing from one aide 

to the other of the inter-vesicular sepba. ^^ _ _^ ^ 

Search for the termination of a branch of 

the pulmonary artery and the commencement of the [lulmonary v 
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8. Fresh Lni^. — Tease a small piece of lung lu normal saline. 
It is difficult to get rid of all the air, but this may be done by 
beating the tissue with a needle. 

(H) Observe the large number of fine elastic fibres, which 
btanch and anastomoee. They can. be rendered more evident by 
running in dilute caustic potash {2 percent.) under the cover. This 
destroys to a large extent the other 
elements. 

9. Dried liing.— (i.) With a dry 
razor make thin sections of a dried 
and distended lung. Examine the 
' section in water, taking care that 
it does not curl up, which it readily 
does. Get rid of the air-bubbles by 
pressing on the section with a needle. 
(ii.) Make rather thick sections 
parallel to the pleura, and examine 
them by reflected light. A very good 
idea of the air-veeicles is thus ob- 

FiO. 190.— T.S. Dried tone. a. Veai- ..;„„j 

(a.) (L) Observe the air-vesicles, 

and the thin partitions between them. Also sections of the 
iufundibula or alveolar passages. Connective-tissue septa may 
be seen. Of course the finer details of structure cannot be made 
out {fig. 290). 

10. Foetal Lung. — This serves very well for showing that a lung 






is made up of lobules. Harden in Miiller's fluid (14 days) the 
lungs from a human fattus (13 cm. in length). Cut sections and 
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stain them either in bfflmatozylin or picroKiarmine. Stain in bulk 
and cut in paraffin. 

(a.) (L) Observe the pleura sending well-marked septa into the 
lung, thus defining the lobules, which are polygonal, about I mm. 
in diameter, and separated from each other by connective tissue. 

(A.) In each lobule sections of bronchi, which can be £»en 
occasionally to terminate in several vesicles, thus presenting a very 
gland-like arrangement (fig. 291). Many of the alveoli are cut 
across, and appear like sections of tubes lined by columnar epithe- 
liuni. There is much embryonic connective tissue between the 
alveoiL ' 

(H) Select an alveolus, and note that it is lined by a layer of 
low, columnar, granular epithelium, while individual alveoli ate 
separated from each other by much embryonic connective tissue, 
with numerous cells, and as yet few or no elastic fibres. 



THE THTEOn) GLAND. 

Hethods. — (i.) Harden pieces of the human thyroid, or the 
complete tliyroid of a cat or d(^, in Miiller's fluid (3 weeks) and 
then in alcohol. Sections are stained with luematoxyhii and 
mounted in balsam. 
Or stain in bulk and * 

cut in paratKn. 

(ii.) Fix in Flem- 
ming's fluid (1-3 
hours), ond stain — 
wash thoroughly, 
alcohol — with Ehr- 
lich-Biondi fluid, or 
stain with Heiden- 
hain's logwood. 

11. T.8. Thyroid 
Gland.— (a.) (L) 
Composed of sninU 
polygonal lobuleB 
united to each other 
by loose connective 

a-ae. Ineachlob- ,„.„,'„ Ti,™ld Otod .cio„a,»i 

ule a large number 
of completely closed acini held together by loc se conncctne 

(fc.) (H> The spherical acim (tig 292), liounl d by a bn 
membrane, arc lined by a single lajerof low cubicilet ithclii 
contain a homogeneous fluid. This fluid, however, is ofti 
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colloid nature, and is then a pathological product It is stained by 
logwood. Numerous sections of blood- and lymph-vessels outside 
the basement membrane of the acini 

12. Injected Thyroid (thickish section in balsam). — (L) Numer- 
ous large vessels in the connective tissue, with a plexus of capil- 
laries over the acini, but outside their basement membrane. 



ADDITIONAL EXERCISES. 

13. Lung of Newt. — (i.) This is an elongated sac, and is of comparatively 
simile structui'e. Fill a lung \^ith gold chloride (.5 percent.), and suspend 
it ill a few cc. of the same fluid for twenty minutes. Reduce the gold by 
ex{K)sure to sunlight in water feebly acidulated with acetic acid. Mount a 
portion of the thin wall in glycerine. 

{a. ) ( L) Observe islauds or small groups of epithelial cells. They lie in the 
intercapillary gpaces. The capillaries are wide, and foim an anastomosing 
network. Outside this capillary layer is a layer of smooth muscle, and one of 
fibrous tissue. 

(ii.) If the gold chloride be reduced by formic acid (25 per cent, in the dark), 
the epithelium lining the lung is shed, and then the nerves to the lung — with 
many ganglia in their course — can be seen. 

14. Lung of Frog. — (i.) Fill a lung with dilute alcohol, suspend it in the 
same fluid (twenty-four hours), lay oj^n the lung and pencil away the inner 
lining epithelium and mount in Farrant's solution. 

(a.) (L) Observe the large, coarse, but short primary septa, which project 
inwards from the wall of the lung towards the large central cavity. From 
them secondary septa pass to form a trabecular arrangement, thus giving the 
interior of the lung a honeycomb-looking appearance. The trabeculae consist 
chiefly of smooth muscle. 

(ii.) The nerves of the frog's lung are readily demonstrated by the gold 
chloride formic acid method and the methylene- blue method. The numerous 
ganglionic cells in the course of the nerves have a straight and a spiral 
process. 

15. Elastic Fibres in Trachea and Lung. — (i.) Stain a longitudinal section 
of the haidened human trachea according to the method described in Lesson 
X. 10. The elastic fibres become black. 

(ii.) Use the safranin method (Lesson X. 9). This shows beautifully the 
arrangement of the fibres, now of a purplish or black tint. 

16. Elastic Fibres in the Lung. — (i.) I have devised the following two 
methods, which give good results : —Make sections of a dried and distended 
lung, stain a section in dilute magenta, and allow the section to dry com- 
pletely on a slide ; add balsam and cover. The elastic fibres are red, and their 
arrangement can be seen with the utmost distinctness. 

(ii. ) Or,, stiin a section in methyl-violet, and clarify it wit 1 the aniiine-oil 
and xylol mixture (p. 123). 
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ly a kidney be diTided loiigitadinally, one distingiiiahea a cortical 
tuid a tnedullaiy part, tke lattei consistiug iti diUi-rent animals of 
) pymniidal 



portions — tliL pyianuds 
of Ualpighi — wlio'te 
apii 03 prcjjct intn the 
pelvia of the kiJuey, 
while their haaea are 
HiiiTonndeil by cortical ^^ 
substances The medul- 
lary portion IB subdi 
VI kd into the boim 
dory or intermediate 
zone and tho papillary „ 
portion (hg 293) The , 
kidney ia covered by a 
loosely adherent cap- 
Btil& It is a compound 
tubular gland, consists 
ing of numerous urini- 
fcroua tubule a closfly 
packed togetiier with 
very little eonncctiva 
tissue between thein, 
the connective tissue 
ciirrying the bloo(l-ve«- 
sels, lymphatics, and 
nerves. The uriiii - 
ferous tubules pursue a 
straight course in tho 
mwiullfi, but they ex- 
hibit a contorted or 
convoluted arrangoini'nt 
Btniight tubiilcB— the medullary raya 01 
pass into the cortex from tho medulla (fi< 




the cort<!x, although bundles of 
pyramids of Ferrein— 

293). Each nriniferous 
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tubulo coimists of a basement membrane lined by a single layer of 
epithelium. Tlie tiibulfis alter their character and course in dif- 
ferent jhirts of the organ. The tubules begin in the cortex in a 




filobiilar dilatation — tlio Halpighjan capsule — which encIoiieB a 
tuft of vessels— tliH glomeruluB (fig. 294), The capsule leads into 
a narrow neck, which passes into the tost or proxinial convoluted 
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tubule, which in turn is continued into the spiral tubule. After 
this it narrows suddenly and runs into the medulla as the descend- 
ing tubule of Henle, where it forms a narrow loop — loop of Henle — 
and passes in the reverse direction towards the cortex as the ascend- 
ing tubule of Henle. In the cortex it has a zigzag course — irregular 
tubule — and again becomes wider and convoluted — second or distal 
convoluted tubule — which leads into a straight tube — junctional 
tubule — which joins a straight or collecting tubule. This passes 



Tahtdar View (after Schdfer) of the Parts, Situation and Epithelium 

of a Uriniferous Tubule. 



Portion of Tubule. 



1. Capsule . . . 

2. First convoluted 

tube 

3. Spiral tube . . 

4. Descending limb 

of Henle's tube 

5. Loop of Henle . 

6. Ascending tube 

of Henle 

7. Irregular zigzag 

tube 

8. Second convoluted 

tube 

9. Junctional tube . 

10. Straight or col- 

lecting tube 

11. Duct of Bellini . 



Elind of Epithelium (always in a 
single layer). 



Flattened, reflected over 

glomerulus 
Cubical, rodded cells, which 

interlock 
Like last, but ** rods "very 

distinct 
Clear flattened cells 



If 



}) 



Cubical, rodded, sometimes 

imbricated 
Cells cubical, very "rodded," 

lumen small 
Like those of (2), but longer 

and more refractive 
Clear, flattened, cubical cells 

Clear cubical and columnar 

cells 
Clear columnar cells 



Situation of Tubule. 



Labyrinth of cortex. 



)) 



)) 



Medullary ray of 
cortex. 

Boundary zone and 
partly in papillary 
zone. 

Papillary zone of 
medulla. 

Medulla and medul- 
lary ray of cortex. 

Labyrinth of cortex. 



}} 



»} 



Labyrinth passing to 
medullary ray. 

Medullary ray and 
medulla. 

Opens at apex of 
papilla. 



straight through the cortex and medulla, receiving other similar 
tubes as it goes ; and becoming wider, it opens as a discharging 
tubule (duct of Bellini) on the apex of a Malpighian pyramid. The 
tubes are lined throughout by a single layer of epithelium, which, 
however, changes its characters in the different parts of the tube. 
The Malpighian capsule is a globular expansion (200 /i), composed of 
a basement membrane lined by a single layer of squamous epi- 
thehum, In the convoluted tubules^ proximal and distal, the epithe- 
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lial cells are somewhat cubical, but their outlines are not well 
defined. They each contain a spherical nucleus, and their proto- 
plasm is "rodded," especially at the outer part. In the spiral 
ttifnde the cells are not unlike tho^e of the convoluted tubule, but 
they are not so tall, and therefore leave a more distinct lumen, and 
they are not so markedly "rodded" In the descending part of the 
h)op and the loop itself — very narrow (10-15 ft) — the cells are 
clear and flattened, with a bulging opposite the nucleus, and 
these projections alternate with those on the opposite side of 
the tubule. The ascending limb (30 p, widie) has somewhat 
cubical cells, which leave a regular lumen. They are striated, 
and often present an imbricate arrangement. The v-regtUar or 
zigzag tubule bends on itself with sharp angles, and is wide, 
with an irregular lumen. Its cells stain deeply with staining 
reagents, and are conspicuously striated in their outer part. The 
xecttnfi or du<tal convoluted tubule is like the proximal The junc- 
tional, and collecting tubules are lined by low, columnar, clear, trans- 
parent cells with small nucleL The cells do not stain readily. 
In the discharging tubules the cells have the same general character, 
but they are taller and more columnar. Fig. 294 shows the general 
arrangement of the tubules, and from it it is easy to see in what 
part of the kidney each kind of tubule is placed. 

Blood- Vessels. — The renal artery enters the kidney, splits into 
branches which run towards the cortex, and at the junction of the 
cortex and medulla form incomplete arterial arches (fig. 293). 
From these arches arise the radiate or interlobular arteries, nm- 
ning in the cortex between two medullary rays in a radial direction 
towards the surface. They give off at intervals on all sides shorty 
slightly-curved vessels — vasa afferentia — which run without branch- 
iiig to end within the Malpighian capsules, and there form the 
glomeruli The vas eflferens comes out of the Malpighian capsule 
close to where the afferent vessel enters it and at the pole opposite 
to the origin of the uriniferous tubule. The efferent vessel splits 
up into capillaries, which ramify amongst the tubules of the cortex. 
The blood is returned from the cortex by interlobular veins (fig. 
293), wliich run alongside of the corresponding arteries. The 
medulla is supplied by leiishes of vessels — vasa recta — which for 
the most part proceed from the arterial arches. The vasa recta are 
pencils of arterioles (10-15), splitting up into capillaries which 
ramify between the tubules of the medulla ; the medulla, however, 
is not so vascular as the cortex. The blood is returned by corre- 
sponding veins. The connective tissue is very scanty in the cortex, 
but abundant in and near the apices of the Malpighian pyramids. 

Methods. — (i.) Harden small pieces in a 2 per cent, solution of 
potassic bichromate (18-20 days) or Miiller's fluid. Corrosive 
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sublimate ia also very good, and bo ia alcohol. The pieces ehould 
not lie lai^e, and slioitid be cut aceonling us a longitudiual or trans- 
verse section ia desired. Stain and cut in bulk in paraflin. In all 
casea the pieces should include both the cortical and medullary 
[fflrtiona, and should not be more tlian Imlf-an-inch in tJiickness. 

(ii.) Place small pieces in boiling water and then complete the 
haidening' in Miiller's fluid or alcohol. 

(iii.) To fix the epithelium use Flemming'a fluid, 1 g , fur mouae'a 
kidney. 

Make radial sections from the cortex to the apev of a Alalpi^liun 
pyramid. For a general view stain a section in htematoxjlm and 
mount it in balsam. Another one should be stained in piero- 
carmine or picro-lithio-camiine and mounted in Warrant's solution 
For unstained sections, steeping them for twenty four hours m 
I per cent, osraic acid before moanting them, in Farraut's fcoiution 
ia excellent. The best way is to begin with a section of the entire 
kidney of a small animal, such as a mouse, rat, or guinea pig In 
this way a good view is got of the entire organ in section. 

1. Badial Section of Kidney of a small mammal 

(a.) (L) Observe the capsule ; it ia thin and a^.t to fall off; the 
cortiiml and meduUary portions of the parenchyma. The medulla, 
composed of straight tubules of different sizes, and running radially 
from, the yielvis of the kidney outwards. 

(6.) Trace some of the straight tubules outwards through the 
intermediate layer, in bundles^the pymmids of Ferrein or medul- 
lary rays— into the cortical layer (fig. 293, FF). Many medullary 
rays piss from a Malpighian pyramid, and they run radially out- 
wards in the cortex nearly to its outer part — although tliey do not 
reach the surface — becoming narrower as they are traced outwards. 

(fl.) In the cortex, between every two medullary rays, are con- 
voluted tubes, twisted and cut in every direction, and two rows of 
glomeruli, enclosed in their eapaiilea— tiia labyrinth. Here and 
tliere a glomerulus may have fallen oat, and the space it occupied 
ho left as a round aperture. The regular arrangement of the 
glomeruli will only be seen provided tlie section nms parallel to the 
ciiurse of the medullary rays. Tlic glomeruli are confined to the 
cortex, hut none of theia reach quite to the capsule. 

(li.) (H) In the cortex, the Halpighian capsules, each enclosing 
n tuft of capillaries or glomerulus. They consist of a structureless 
membrane liued by a singla layer of squanie-s. The oval, flattened 
mit'let of the latter are seen lying on the inner surface of the cjip- 
Bule, Within each capsule a duster of capillaries— glomerulus — 
arranged in several groups. Although the squamous lining of the 
mvpsule is reflected over the capillaries, it ia not easy to distinguish 
the nuclei of those cells from the very numerous nuclei of the 
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capillaries (fig. 295). The basement membrane of tlie capsule is 

cuutinuouB by & narrow neck witli the basement miinibriine of a 

convoluted tubule, but it is only iu the rare case where the section 

cute the capsule at this level that 

jt^^W^tSe^ ''"^ connection is seen. This con- 

^^ ,'» w nection must usually be made out 

on isolated tubules, although eorae- 

timos it is seen in sections of a 

Mouse's kidney. 

{e ) the convoluted tubules, 
with a sinuous or twisted course, 
cut some longitudinally and others 
transversely. Each tube is lined 
bj a single layer of cells, the indi- 
\ idual cells not sharply mapped off 
from each other, and leaving a 
small lumen in the centre. The 
outer part of each cell is striated 
or " rodded," and near its centre 
it contains a spheroidal nucleus 
(fig 296). 

(/) Irregular Tubules. — Here 
1 zigzag portions of tubules 
'/ stained than the rest, 
and the epithelium dis- 
tinctly rodded (fig. 297). 
(ff.) Kote the amdl 
amount of connective 
^ tissue between the tub- 
i of the cortex. It 
is best seen just outside 
the Mai pighian capsules. 
It is far more abundant 
"" """ in the medulla. 

(7i.) In the medulla, tbe straight tubes, which are lai^eat and 
widest where they are about to open on the apex of a Malpigliian 
aid — discharging tubules — but 
it is not so easy to get a section 
showing this, as from their radial 
1 arrangement they are apt to be cut 
FW.^7.-i.i^e«urTab«ie, Kidney oi oWiq^ely. The collecting and dis- 
Cug. Miiiier'a Uuid. charging tubcs have a wide lumen, 

and are lined by a layer of clear 
columnar cells with ovoid nuclei. Trace the straight tubules out- 
wards towards the surface ; they become smaller, stUl their lumen 



and there in the cortex may be E 
of unequal width, and usually n 
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I distinct, and tliey are lined by 
columnar or cubical epithelium. 

(i.) In the medullary raya in the intermediate layer very narrow 
tubes — the descending portion o£ the looped tubule of Henle (fig. 
300), not unlike fine capillaries —may 1 e Been, and al-n the wider, 
more deepi} stained ascendiug portiun cf the '*,ime tu1 ule ' 

2. T 8 of the Apex of a Malpighmn Pyramid {H enudoxylin 
arui BaUavi) 

(a.) (L and H) Obsene the lar^o iini mt of connective tissue 
between the tubules The hr^e colleLtiug tubules are cut acrosa, 
so that their lar{,B lununa and the 
clear columnar e[.]thehal cells lining 
tliem are distinttly seen (hg 29b) 
Kot infrequently the epithelium 
falls out, and then the conoectiie 
tissue appears as a nptiikork with 
round or o*al holes 

3. T S Medullary Eay — Sec- , 
IJoua ahoidd be cut in various direc- . 
tiotw and at diffeient le\e!s in the 
cortex- One of the most in^rtructn e 
is to cut a seLtun across the ditei. 
tiou of the mtdullary rays. In it ^'^ 
will be seen groups of ti-insierse 
sections of the various tulm— col ,.^ 
iecting, osrendrng, and descending ^^ '^ 
portions of the loopei tubult, of ^ 




Yia aqa — T S Apei 

) there £' ".StiiJ 



1 MalplghlMi 



laty ray Betwe* 

are sections of ^lumu li anil ctn Bi ««i vesscin. 

volutt-d tubulps 

Blood-VeaaelB of the Kidney — The spftions should he cut 
from a kidn y iiijuttd with larmiue gehtme or Berlin blue gela- 
tine ; they should be radml, not too thin , best from the kidney of 
a small mammal, and mounted in baKam Li lujettrng a kidney 
do nut use too great pressure, as otherwise the glomerular capillaries 
are apt to burst, and the injection-masa passes into the tubules. 
AMien the stellate veins on the surface are seen to be well injected, 
one may infer tha' the mass has traversed the glomerular capillai'ies. 
In a small animal inject from tho aorta, in a large one from the 
renal artery. 

4. T.S. Injected Kidney.— (".) (L) Between the cortex and 
the medulla, i.t., in the bomidary or intermediate layer, eectiouB 
.if tlie larger bninches nf the renal artery and vein will be seen 
(tiy. 293, RA), I.e., along the "line of vascular supply." From 



PRACTICAL HISTOLOGY. [XXVIII. 

tbeae the interlobular arteiieB and 
veins (tig. 299, a), running out- 
wards in the middle between every 

' two medullary raya (fig. 293). 

] From these are given off on all 

I eides, at short intervals along the 
Mjurse of the vessels, short arteries 
—the vasa atfereutia. Each vas 
afferena, after a very short course, 

' runs to a Malpighian capsule, and 
sphts up into capillaries to form 
the gtomcrulua. 

(6.) If the capsule is cut at the 
level where the artery enters, the 
short and narrower efferent vein or 
vafl efferens will be seen coming 
out at the same pole, and after a 
similar short course breaking into 
a network of capillaries, which sur- 
rounds the tubules of the cortex. 
Around the convoluted tuhules the 
meshes of the network are some- 
what polygonal, but in the medul- 
lary rays in the cortex they are 
more elongated. 

(c.) From this capillary network 
arise short veins, which juin tlie 
iuterlohular veins (fig. 299). Quite 
at the upper end of the inter- 
lobular artery a few branches are 
given off, which end directly in 
this capillary network without the 
intervention of glomeruli. Under 
the cajisule the small veins are 
arranged in a stellate manner, con- 
stituting the vejuB steilatm (fig. 
299, S). 

((?.) Passing again to the "line 

of vascular sup|jly," the short 

vessels which break up into leashes 

"■ ^B "w *"" '^"1'^'^^ °^ small blood-vessela 

■itery: i. (tig- ^99> f)t the vasa recta (arteries 

eri" buuV vein'- ''^•^'^i veniB rectie), which run be- 

vetn; 1* i. Bow.' twecn the medullary rays into the 

w K.»--. -.. cs^ui""''wd- medulla, where tliey form an 

!, Vasa recta from lowsit yu elongated ca'pvUarj meshwork be- 
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tween the straight tubules of the medulla. The medulla is not so 
vascatar as the cortex, and it has no glomeruli. 

6. Injected and Stained T.S. Kidney. — A not too thiu injected 
section — say iujected with a blue mass — may be staintj with ]>ici'o- 
carmine, which makes the tubular structures more Uistiiiut by 
staining their nuclei. 

6. Fresh Kidney— Glomeruli and Basement KembransB of 
Tubules. — Kxpose a fresh kidney to tlie air for a, day or two 
according to tlie temperature. Cov^r it to prevent evaporation. 
Tease part of the medulla and cortex in normal saline. 

(a.) (H) Observe the long, partly empty, structureless, t 
membranes of the tubules, often exhibitiug foldi^ ; 
also irtolated cells of the tubules. 

(li.) Isolated glioneruli, consisting of several 
tufts of capillaries. The nuclei of tlieir cells are 
revealed by dilute acetic acid. 

(c.) Narrow tubules, not unlike blood-ca]iiI- 
lariea, but they possess a wall lined by a layer of 
squames, the nucleated part of the squames alter- 
njiting on opposite sides of the tubule. These are 
the descending part of the looped tubule (fig. Fio. 300.— Pmt ot oe- 

3°°)- T^b^i«li h"X'' 

7. Isolated Cells of the Different Tubules.— 

Place very small pieces (size of a split-pea) 24-48 hours in a 5 per 
cent solution of neutral aiumoniuiu chromate. Wash in water, and 
tease small fragments in a 50 per cent, solution of potasaic acetate, 
or, without washing, teaau a fragment in the 
chromate solution. 

(«.) (H) Note specially the cells of the con- 
voluted tubules and those of the ascending limb 
of HcnJe's loop. They show the "rcMMed" cliar- 
acter of the outer part of tho protoplasm. Ad- 
joining eelk tend to interlock witk each other 
(fig- 3°')- Fig. 301.— inoinMci 

8. Isolated Tubules. — Place small pieces (size f°SiTT?""'"' 
of a pea) of the kidney of a mouse, tortoise, or on tbe nut with 
guinea-pig (3-4 hours) in pure hydrochloric acid cl^i'^S'one^to 
or 40 per cent, nitric acid (2-4 hours), wash in mid '■■ rwiiieii," 
water and leave them in water for i8-24houra dim*." ''°'™'"' 
They swell up, and tlieir constituents readily fall 

asunder. Place a fragment in water alightly tinged with iodine and 
gently tap the glass slide, or stain with dihite acid-fuchsim This 
ifi sufficient to cause the tubules to fall asunder, 

(L and H) In a part from the curtes search for a convoluted 
tubuto still connected with its capsule, the twists on the tube itself. 
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and the transition to the narrow part of the looped tubule of Henle. 
This ia perhaps easiest to ohtain from a mouse's kidney. Isolated 
atraight tttbulea from the medullary part. To preserve ^ia prepara- 
tion, Buck away the fluid and gently replace it with glycerine. 

Ureter and Bladder. — Harden small pieces in Milller's fluid 
(14 days) or in corrosive sublimate (5-6 hours), and then iu 
gradually increasing strengths of alcohol. Make transverse sections 
of the one and vertical sections of the other, Flemming's fluid for 
epithelium. Stain in h^ematoxyliu aud mount in balsam ; and 
others in picro-earmine and mount in Farrant's solution. Or stain in 
bulk in borax-carmine and cut in paraffin. The ureter of a cat or 
monkey does very well, and it is well to use the contracted bladder 
of a small mammal. 

. T.S. Ureter (fig. 302).— (a.) (L) Externally is a thin fibrous 




propriit. Mullersfluld 

coat or adventitia, corsiating of conn tiie tis-sue with tlie large 

vessels and nerves. 

{b.) The muscular coat consists of an outer layer of smooth 

muscle arranged circularly, and inside this a lorigitwUnal coat 

arranged in bundles, the latter, of course, divided tranaversely. In 

the lower part of the uret«r there i^i an incomplete longitudinal 

muscular coat outside the circular coat. 

(c.) The submucous coat is thin, and passes gradually into 

(d.) The mucous coat, which is thrown into ridges or folds, and 

is lined by transitional epithelium. 
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(e) (H) The transitifinal epithelium, niiii tlie 



, tlie 



V 4 Epitbelliun < t Uie Mud 



ahii]* of the lella arran^iii iii stvciil liytis, 
surface oiit«3Tda 

10 VS Bladder id, /^ 
303) -(a) (L) Mo.t .. f 
ttrn illy a thin flbrouB 1 it 
111 some jiljce« io\ ereil 1 

{h ) ThL muBcular coat 

comrosed of lonyitwhu 

and circular Bitioolh h! 1 

Usually there la an oiil 1 

and aa inner lon^ituiliml 

layer with a circular laMr (ii 

between The appearanca \ 

of these labels will depend 

on the plane of the sec ^'°^ ____ „___ 

The BnbnraoonB and mucotis (H) coats are like those of the 

(c ) (H) The tranBitioniil epithelium and the great vanetj in tlie 
shape of the cells from below __ 

upwards OLiasionally amon^'t 
tlie epitiiehal cells are leucocytes 
Cig 3°3) -^^ '^ important to 
obBerve thit the t!iickne«a and 
shape of the hning tranaitionii 
epithelium will neLesaaidy vary 
with the state of distensiou or 
contraction of the bladder 

11 TS Penifl, pff, of a 
monkey or othtr small niamnu! 
Harden it in alcohol or h\ m 
FliinmingB fluid Make 1 S 
and slum nith safrauin 

(a ) (L) It conaiats of the two _ ^ ^ 

/•nrfinta cawmosn, plaicd dur •xi.,'"^i:5 

sally, one on eaih. side of thr ^^r^^. 

middle lino and mfenorly the Frn 3,— T'i p nu of 
fotjius g^ongmsum In the sum * sapinfn 
centre of the latter is the ^,« '*'" '"'' i-"""' "■""" -■' 
urethra as a transverse t>lit 

In the prostatic part the niucoiia Tnenibrnne is lined by transitional 
epithelium, but in the body of tlio pfiiis it is lined by the columnar 
variety, except at the meatus, where it is stratified. 
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(6.) Note the trabecule of connective tiasue^bounding vide 
spaces — in the cavernous part. The whole is surrounded by a 
tough capsule, in which, dorsally, are sections of blood- vessels— one 
vein (DV) and two arteries (DA) — and nerves (fig. 304, N). 

SUFAABENAL CAFSTTLE. 

It is well to remember that there are great variations in the 
structure of this gland in different animals. The BUprarenal 
CBpsule is a ductless gland, consisting of a cortical zone and a 




medulla. It is invested by a fibrous capsule which sends septa 
into the gland. Especially in the cortex, these septa run eo as to 
give a columnar arrangement to the cells wliich lie between tliem. 
The parenchyma of the organ consists of cells which vary in their 
characters in different regions. The cells of the cortex (15 /i) are 
polyhedral, nucleated, granular, yellowish-coloured cells, arranged 
under the capsule in rounded groups — zona glomerulosa. Mext 
this is the widest zone — the zoda fasdculata. 2lext the medulla 
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is the zona retkolaris. In the medulli. the cells are often irregular 
or polygonal with a clearer protoplasm, which is often tinged of a 
yellowish or brownish colour. There are numerous vessels «wid 
nerves, the latter with ganglionic cells. 

Harden the suprarenal capsules of a guinea-pig in Klein's fluid 
(5-7 days), and then in alcohol, or fix in Flemming's fluid. Harden 
a human suprarenal in Kleinenberg's fluid (24 hours), and then in 
alcohol. Make radial sections, and stain some in hsematoxylin, and 
others in picro-carmine. Or stain and cut in paraflia 

12. V.S. Suprarenal Capsule. — (L) Observe the arrangement 
already described. It is to be noted, however, that there are great 
variations in the structure of these organs in different species of 
animals. 

(H) Examine the cells in the various zones {fig. 305). 



ADDITIONAL EXERCISK 

Termination of Nerves in Suprarenal Capsules. — The literature and mo^t 
receut results will be found in Fusari's paper ^ (with a plate). He U8e4 
capsules of the mouse, rabbit, pif(, cat, and new-bom inrant. The method 
employed was the quick method of Golgi (Lesson XXX.), i.e., small fresh pieces 
are placed in the osmico-bichromate fluid (3-10 days), and afterwards in i per 
cent, silver nitrate solution (1-2 days). 



LESSON XXIX. 
SKIN AND EPIDERMAL APPENDAGES. 

THE SKIN. 

Thb skin consists of the epidermis and cutis vera, dermis, or 
cerium. The epidermis consists of many layers of stratified 
scjuamous epithelium (p. 3 1 7). The corium is composed of a basis 
of fibrous connective tissue — white and yellow fibres — and its sur- 
face is thrown into a number of papilIsB, which difier in size, 
number, arrangement, and form in different parts of the boily. 
Undivided conical elevations are called stinjde papillce, but when 
these are beset with smaller papillae, they are called compound 
papillce. The epidermis completely covers in the apices of the 

* ArchivituL de Biol., xvi. p. 262, 1891. 
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papillsB, and also dips down into the furrows between adjoining 
rows of papillsB, so that the surface of the skin is smooth, although 
the arrangement of the papillae is readily detected by the lines on 
the palmar aspect of the haml and foot. The fibrous tissue of the 
cutis, next the epidermis, forms a very thin modified layer with 
scarcely any fibrils and no corpuscles. This layer acts the part of 
a basement membrane, and is continuous with the basement 
membrane of a sweat-gland. In the dermis, the bundles of white 
fibres interweave with each other, and form a dense tissue ; at the 
lower part of the skin it becomes more open in texture, and gradu- 
ally passes into the subcutaneous tissue. Elastic fibres in the form 
of networks exist in large numbers in the cutis ; they are finer in 
the papilise, and coarser lower down. 

The subcutaneous tissue consists of a complex system of 
trabeculse of fibrous tissue, and in some of the meshes are lobules 
of fatty tissue forming a fatty layer, constituting the stratum 
adiposum. 

The arrangement of the blood-vessels is stated at p. 325. There 
are also numerous lymphatics and nerves — some of the latter with 
peculiar terminations — glands (sweat and sebaceous), and, in some 
situations, hairs with their hair-follides. 

It is important to distinguish between the hairy skin and the 
parts of the skin without hairs. The non-liairy parts are the volar 
surfaces of the hands, feet, fingers, and toes, nails, lips, mammary 
papillae, cortain parts of the external genitals, and the inner part of 
the external auditory meatus. The hairy parts are the remainder 
of the skin. The non-hairy parts are concerned with direct tactile 
sensations, the hairy parts with indirect tactile sensations, the hairs 
themselves being the chief tactile organs (Blaschko^), This 
observer has shown that the epidermis projects into the cutis vera 
in the form of septa, varying in form and distribution in different 
parts of the skin (p. 325). 

Methods. — The skin must be prepared in various ways according 
to the particular part which it is desired to study. For a general 
view proceed as follow : — (a.) Procure a fresh portion of human 
skin from the palm of the hand or sole of the foot, cut it into 
pieces about i cm. square, and remove most of the subcutaneous fat ; 
pin it, epithelial surface downwards, on a piece of cork, and harden 
it in absolute alcohol (12 hours). Renew the alcohol for another 
twenty-four hours. Sections may be cut by freezing, and then 
stained with haematoxylin or picro-carmine (the latter to be mounted 
in ^a^^ant^s solution). Better still, stain the whole "in bulk "in 
borax carmine or haematein, and embed and cut it in paraffin. 

* Archivf. mik. AncU.^ xxx, p. 495. 
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Mount in balBam. Or skin eo hardened may ha double atained in 
bulk, first in barax-caj'miue aud then in }iEematein. 

(6.1 Hinden the akin in MiilJer'a fluid. 

(e.) For the layers of the epidermis fix say small pieces of the 
skin in i per cent, osmic acid or Flemming's fi.uid, and harden in 
alcohol. Stain sections in safranin. 

1. T.S. Skin, Palm of Hand. 

(a.) {L) The epidermis, couaistiug of many layprs of stratified 
squamous epithelium, resting on the cutis vera, dermia, corium, or 
true skin. The latter eonaiata of counectise tissue, and is provided 
with finger-shaped elevations or papillte, which project into the 
deeper layers of the epidermis, the Ititter in the form of septa, dip- 
ping in between tlio papillse (tig. 
306). ■IMIIIIl ■ M 

{/'.) The epidermi^ composed ^^^B^BIJHH^S 1 1 
entirely of stratified epithelial cells. |^^i~i^^y.^^^^^ j I 
Proceeding from the outside (fig. --■■'■■■■^■■■'^■^■-•■■■•^^■'-'-'■'■■■^^'■-- - 
307), ol>3erve — 

(I) The stratmo comenm, of 
Tariable thi^knesSj coni idling of ' 
many layers of flattened oc slightly 
fusiform, clear, non iiudeated cells 
nnited to ei«.h other As the cells 
are seen on ed^'e, tlieyare \ery thin. 
Those on the surface are about to 
be shed, and consist of keratin. 

(ii.) The stratum lucidum, a 
thin, narrow, clear, homogeneous 
layer, composed of two or more 
layers of flattened eella, containing 
sometimes a rod - shaped nuclciia. ria. jo*.— v.a. akin of Paimur Snrface 
The cells do not stain wcU with ^^S. ^■^'"■■^■'^•^■^''^^"' 
dyes. The eleidin granules eeeia to 

become fused together and form the basis for cornification, as tlie 
cells are changed and become corneous. 

(iii.) The stratnin grantlloBQiii, a somewhat thicker layer, com- 
posed of ovoid cells two or three rows deep. Each cell is distinctly 
granular, and usually this layer stands out deeply stained, because 
ite granules of eleidin or keratohyalin are stained with the car- 
mine. The cells, like the foregohig, are devoid of "prickles." 

(iv.) The stratum Slalpighii, several layers of more plastic cells. 
At the lowest part, where they rest on the papilla of the true skin, 
the cells — prickle-cells — -are smaller and columnar in shape (with 
oval, vertically-placed nuclei), but above this they lieenma more 
aphOToidal or polygonal, aud each oiio is distinctly nucleated. 
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(e.) The catiB vera. The papilln, conical elevations projecting 
into tiie Malpighian layer. They consist ol compact libroua tissue. 
The Test of the skin consists of bundleB of white fibrous tissue 
interwoven with networks of elastic fibres, ajid at its lower part 
masses of fatH3ells. The connective tissue and fat-cells belovr 
become continuous with the Bubcubmeous tissue, wliich is of a 
more open texture ; but there is a gradual transition from the one 
to the other. The nuclei of the 
connective tissue corpuscles appear 
ae red oval dots. 

In sections of the Sudoriferous 

glands, theii coils (in the deeper 

BtTBtum l^y^i* f** ^^^ corium), their ducts 

coRitum. running vertically through the 

akin, and a corkscrew pa.ssage in ■ 

.Btm m tl*o epidermis may be seen. In 

uoidu some of the papillte observe a 

touch-corpuscle (p. 320), and in 

'groDUl Dm. the subcutaneous tissue occasion- 

a ly sections of Fadiiiau bodies 

(P 3^0). 

(■!.)_ (H) Observe in the epi- 
dermis the shape and characters 
"So i^ii of the successive layers of epi- 
thelium. In the , MaJpighian 
layers, " piickle-^ella," i.e., cells 
CO nected with each other by 
fine "inter-cellular bridges," are 
better studied in an osmic acid 
se tion (fig. 97). (See also 
Lesson IV.) 

(i.) In the stratum Mcdplghii 

the lowest cells are arranged in 

" " as ngle layer of elongated, some- 

'"^il^natL" "jJ ^l ™" "n > at Columnar cells (6-12 ^). 

N d u mil i> Bran be> f w th large oval nuclei surrounded 

*" ^ " by granular protoplasm. The 

lower ends ot the cells freq ently exhibit processes which fit into 

t! e Jern s Tl ren a nder of the c lis of this layer are irregularly 

cubical, and exhibit prickles (Lesson IV., and p. 127). In the dark 

races the particlea of melanin, which give the dark colour to the 

skin, are present in the cells of this layer, especially in the deeiiest 

layer of cells. Nuclei are sometimes seen in process of division, 

(ii.) The cells of the dratura (iranvJogum, are arranged in two or 
more layers, and are flattened horizontally, so that they a 
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r more lojHra of 
e from graiiulca, 
. Tiiey do not 

of liorny 



Bliajieii, devoid of (irickloB, and are crowded ivitli grimules of eleiiHn, 
a subatauce, apparently one of tho stagua ou the way to the liody 
keratin. Theae cells atain deeply with pitiro-carniine, htematoxylib, 
and osmic acid. They ara eoluble in caustic potash, and in thia 
reaped differ from keratin. 

(iii.) Tho Ktmtiim Itti-ultim is comjioaed of two o 
flattened tmnsparont cells, with no [irifiklos, and ire 
Imt with a horizon tally-placed, rod-ahaped uueleus 
Btain reailily. 

(iv.) The giratum eonettm or horny layer c 
squames composed of keratin (Lesson IV.). 

(e.) TliB BWeat-glandB are moat nuineroua in the pnlm of the 
hand and solo of the foot. Each gland is a simple tube uoih'd up 
at its loiver extremity into a coil -^ inch in diameter. To aoe tlieir 
whole course — toil and dm t — tl e eections m i-tt not he too thin 
and should 1« paniUel to tiie Lourae of the ghnd Ihe coil of th 
gland Ilea in the Bub<.utjneou3 tissue The secretory p itt of the 
tube consists of a basement memlirane lined by a, single lajer of 
nucleated transparent out ical or columnar tells surroun iing a smill 
but distinct turn n Between, the epithelium and the baf>em<.ut 
membrane la a iungitudiiially 
dis^Kwed Injer of smooth __ '~ 

muscular fibres The coil 
also contains a [lart of the 
audoriferouH canal cr dnct 
(hg 308) The latter is 
narrower than tho Rctiptory 
part, and couaints of a baso 
nient mLmbrane hned hy 
bpvcral hjers of pohhedral 
tells ThPre IS no musuilar 
layer, but internal to the 
ppithehal Imii g there la a 
ilehcate membrane or entitle 

Trace the coil into its d let which runs vertically through tho cutis 
Tera \ntli a slijitly wn\y cour a. It has a hdseuient niembi me 
lined hy tiio or three lajers of short cubical cells whith, if traced 
npwar ta, betome tontinuoua with those of the "\Ialpit,liiun layer tA 
the epiderraia, looking hka a fumiel shaped expansion. The lumen 
of the duct is distinct. The haf-nient mumbrane becomes continuous 
with the altered superficial layer of the corium just under the epi- 
dermis. The lunim of the duct is continued npwards in a corkscrew 
spiral through the epidRniiiB. A oomjilete view of its course is only 
ohtainud in a thickish section. In a Lbiii section the twistinga are 
of course divided. 
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2. V.S. Skin of Negro (H). — Harden in alcohol, and stain the 
sections slightly in eosin. Mount in balsam. Observe the granules 
of melanin in the deepest layers of the epidermis. 

8. V.S. Skin of Finger {Double Stained).— Stain a section first 
in methyl-green iodide and clarify it with clove-oil coloured with 
eosin. Wash out the clove-oil with xylol and mount in balsam. 
The stratum corneum is green, and so are the nuclei of the other 
epidermic and connective-tissue cells. 

4. Prickle-Cells and Touch-Corpuscles. — Place in i per cent, 
osmic acid or Flemming's fluid (24 hours) a very small piece of 
fresh skin from the palmar surface of a finger. Wash it well in 
water and complete the hardening in alcohoL Make V.S. and 
mount in Farrant's solution. Or cut in paraffin, stain in safranin, 
and mount in balsam. 

(a.) (H) Observe the various layers of the epidermis, but in the 
Malj)ighian layer note the prickle-cells. The colls appear to bo 
joined by their edges by fine striae, the striae leaving small spaces 
between them (fig. 97). The striae are fine " intercellular bridges," 
stretching from one cell to another, and it is only when the epi- 
dermis is dissociated and the bridges broken that these cells appear 
as cells beset with fine spines, and hence they were called " prickle- 
cells." 

(b.) In a papilla search for a Wagner's touch-corpuscle (fig. 351). 
It is au oval body, with its long axis in the long axis of the papilla, 
but they are not present in all papillae (fig. 350). They consist of 
a fibrous-looking material, with flattened nuclei arranged trans- 
versely. To their lower end passes a meduUated nerve-fibre, which 
usually twists round the corpuscle before it enters it. The ultimate 
distribution of the nerve is best seen in a gold chloride preparation 
(Lesson XXXIV.). 

5. V.S. Foetal Skin for Sweat-Glands and Pacinian Corpuscles. 
— Harden the skin of the tips of the fingers of an infant in alcohol 
and make V.S. Stain with hajmatoxylin and eosin. 

(«.) (L) Observe the general arrangement already described, but 
the sweat-glands are much more closely placed than in adult skin, 
and there is less intervening connective tissue. A child at birth 
has its full complement of sweat-glands, and hence they must be 
more crowded ^together than in the adult. 

(b.) In the subcutaneous tissue are lobules of fat and sections of 
Pacinian corpuscles (Lesson XXXIV. 5). The latter appear to con- 
sist of concentric laminae surrounding a central core. 

(c.) (H) Observe two or three layers of more or less cubical cells 
lining the duct of the gland, while the true secretory portion is 
lined by a single layer only of low, clear, columnar cells. 

Hair Follicles. — To see their structure, harden the scalp in 
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alcohol. V.S. must be made parallel to the course of the hair- 
follicles, which requires some care. Others are made across the 
follicles at different levels ; but in this case care must be taken not 
to make the section parallel to the surface of the skin, but at right 
angles to the course of the hair-follicle. If an oblique section be 
cut, the hair-follicles are cut at different levels. 

Harden a small piece of the human scalp (2 cm. square) in 
Miiller's fluid and afterwards in alcohol. Stain a section in log- 
wood, or first with logwood and then with picro-carmine. Mount 
in balsam. 

6. V.S. Hair-Follicle.— (a.) (L) and (H) Observe the very thin 
epidermis, the thick cutis vera, and deep down the subcutaneous 
masses of fat; the hair-follicles, running obliquely through the 
skin, each one with a hair in it. At lihe lower part the hair has a 
bulbous end implanted on a papilla ; the various coats of the hair- 
follicle, some continuous with the corium, and others with the 
epidermis. The following scheme shows the layers of the hair- 
follicle :— 

GoveringB of a Hair-FoUide from Without Inwards. 

I. Fihrms layers , { \l'\ Lpngitudinally-arraiiged fibrous tissue. 
^ \ (6.) Circularly-arranged spmdle-cells. 



2. Glass-like or hyaline membrane. 

J (a.) Outer root-sheath. 
{h.) Inner root-sheath, 
(c.) Cuticle of the hair. 

4. The hair. 



' Henle's layer. 
Huxley's layer. 
Cuticle of root-sheath. 



(6.) Dermic Coverings. — (i.) (a.) The outer fibrous sheath 
denser than and continuous with the corium. The fibres run for 
the most part longitudinally, (6.) The irmer fih'ous sheath of 
fibrous tissue has a more circular arrangement and is seen as fibres 
cut across transversely, with a few nuclei interspersed. 

(2.) The hyaline or basement membrane^ clear, structureless, and 
well marked. It separates the dermic from the epidermic coverings 
of the hair. 

(3.) The Epidermic Coverings.— (a.) The outer root-sheath— fhe 
most obvious part of the covering — consisting of several layers of 
nucleated cubical cells, continuous with and resembling those of the 
Malpighian layer. 

(b.) The inner root-sheath, much narrower and paler, consisting 
of three layers of cells of different characters, is present only in the 
lower part of the follicle, i.e., below the sebaceous gland. 

(4.) The hair with its cuticle. 

(a.) At its lowest part the bulbous enlargement of the hair, with 
29 -^ 



PRACTICAL HISTOLOGY. 



[xxn 



{b.) The sebaceoufl gland or ylands. 



In a, balsam preparatioB 




Flo. 109.— V.8. Bair-FolllBle of Hutnui Soalp. i itnd t Outer snd Innsr flbrou il 

n( tlilr-Mllcle; j. Hyollns Isfer; 4. Onter, and < and fi Innor root-aheithi Roi*V 
ul hHlr, with tu jiapllU: .1. Arreotor pill Diiucle C Ciitf> vera a BuhouUBaa^M 
tiMUB. withfit IoHuIm: ft. EuliiBnnls (homy Uyer): ri. Rj^le Malplihl' - ™--- " 
JUB put, i. ModuUs, k. Cat 



its acini are yellowish aod clear, o]>ening by a duct into the hair-l 
follicle at about its upper third (fig. jog, T). 
{a^} The airector pili muscle (smooth muscle) i 
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liquely from the deeper part of the hair-follicle to the upper part of 
the corium (fig. 309). 

7. T.S. of Hair-FoUicles (Scalp). 

(a.) (L) In the human scalp the hair-follicles are arranged in 
groups of three or four, with interweaving strands of connective 
tissue between them. The various coverings — dermic and epi- 
dermic — can now be distinctly seen, especially if the section be 
through the lower half of the hair-follicle. 

(6.) (H) Observe both V.S. and T.S. to see the structural ele- 
ments forming the (Juter coverings of a hair-follicle. 

(i.) The inner root-sheath consists of an outer layer of cells, clear 
and non-nucleated — Herders layer — and an inner nucleated layer — 
IIuxLer/s layer. Both are best seen in T.S. 

(c.) The hair has a cuticle^ while the hair itself may or may not 
have a medulla. 

Carefully compare the structures of the hair-follicle in the T. and 
V. sections. 

{d.) The sebaceotLS giandf its acini lined by cubical cells, contain- 
ing fat, and rendered clear by the balsam. 

The epithelium of the duct continuous with that of the outer 
root-sheath. 

8. Sebaceous Glands. — (a.) Harden the alae of the nose of a 
new-born child in corrosive sublimate, (b.) Or the ala of nose or 
adult scrotum in picro-sulphuric acid (2-3 hours). Stain all 
with hsematoxylin. Large sebaceous glands opening free on the 
surface without any hair-follicle are found. In other situations 
they open into the neck of a hair follicle. They are saccular 
glands with oval alveoli, which lead into a short duct. The alveoli 
are lined by a layer of polyhedral cells, and internal to this are 
larger cells containing fatty matter. The sebaceous secretion is 
formed by these cells undergoing disintegration, and liberating the 
fatty matter they have formed. They are developed from the outer 
root-sheath. In balsam they are clear, but in water they appear 
dark and granular. 

9. Human Hair (H). — Place it in water, cover, and examine. 
A rod-shaped body covered by a single layer of thin, non-nucleated 
transparent imbricate scales arranged transversely — cuticle. In 
some hairs it is seen merely as fine, more or less transverse, 
irregular, or wavy lines joining each other. These indicate where 
the one cell overlaps the other. The substance or cortex of the 
hair, composed of horny, fibrous substance — hair fibres — finely 
striated longitudinally, with, in some hairs, fine pigment-granule? 
scattered along the course of the hair between the hair-fibres. In 
some hairs a darker central core or m£dulla composed of polyhedral 
cells. 
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10. Elements of a Hair (H). — Place a Bmall piece of a hair 
a drop of atroug eulphiiric acid. Cover and press lightly 
needle. Be careful to avoid kiting a drop of the aeid fall 
bra88Work of the niicrosco]ie. The hair splits up longitudinally 
into what look like fibres, but by gentle tapping on the cover they 
split into eelle, so that a hair is compused of epithelial cells joined 
together, Imvitig previously undergone conversion into keratin. 

11. Babbit's Hair (H).- — Mount in balsam. This liair contains 
one or more rows of cubicnl cavities coutaining air. The cavities 
appear black, and are surroundi'd by a snrnll quantity of cortex. 

12. Wool (Lesson I. 10). 




'^■^;....... 

ahwUi; 6. Blouii -vessels ; d. Hya 
line l«yer; r, Outur, /, o. Iniiei 
r™il-she»th (/, Hetile't Cijer, n. 
HuilBj'a lujor): h. CutloLe; (, 



Blood-Veflsels of the Skin. — V.S. of a piece of skin cut from a 
limb injected with a gelatine mass. They must not be too thin. 
After injection the skin is Imrdened in Miiller's fluid and afterwards 
in idcohol {three weeks). Mount (balsam) a section of the palmar 
surface of a finger, and one from the general surface of the body. 

A good inject ion-mass is a watery solution of china-ink. It is 
rubbed down on a hone until a moderately thick black solution is 
obtained, so that when a drop is placed on blotting-paper it holds 
together, and no grey ring is furmed round the drop. It has thia 



XXIX.] THE SKIN. 3^5 

advantage, that it is not changed by exposure to light, but the 
tissue must be hardened before sections are cut. 

13. V.S. Injected Skin, e.g.^ Palm. — The section should be cut 
in paraffin, and include the subcutaneous tissue (fig. 311). 

(a.) (L) The arteries of the sKin are branches of the larger 
arteries in the subcutaneous tissue. A branch may be seen running 
towards the surface. In its course it gives off three independent 
sets of branches, which end in capillaries : — 

(i.) The lowest to the groups of fat-cells, where it forms a net- 
work of capillaries around and between the fat-cells. 

(ii.) The short branch to the coil of a sweat-gland, forming a rich 
network of capillaries between the coils of the tube. 

(iii.) The highest is from the terminal branches of the artery, 
and splits up into capillaries, which form a network chiefly in the 
upper part of the corium, and from this branches pass which form 
capillary loops in the papillae of the skin. From it also proceed 
branches to the hair-follicle and its sebaceous gland. 

{h,) The vein arises from the capillaries of the papillae and the 
branches of the arteries to the upper part of the cutis, and in its 
course — running near the corresponding artery — it collects the 
veinlets from the coil and masses of fat. For blood-vessels of skin 
see "W. Spatleholz.1 

14. Under-Surface of Epidermis. — Separate by one of the follow- 
ing methods the epidermis from the cutis, most easily done in the 
fcetus : — (a.) Use a foetus that has died and been macerated in utero. 

{h.) Place pieces of skin in \-\ i:)er cent, acetic acid (1-3 days), 
adding a drop or two of chloroform to prevent putrefaction 
{Philippson), 

(r,) Macerate at 40** C. — preferably foetal or young — skin pinned 
out on cork in 6 per cent, (or weaker) wood vinegar for 1-2 days. 
The epidermis separates rapidly (Loewy).^ 

After the epidermis peels off, in all cases turn its deeper surface 
upwards, and stain it for 3-4 minutes with a watery solution of 
Boehmer's logwood (p. 68). Wash and mount in balsam, pre- 
ferably without a cover-glass. 

(L) Observe a system of septa crossing each other, and forming 
longitudinal and transverse ridges, which project into the cutis. 
They form, as it were, the negative picture ; the paj)illie of the 
cutis vera represent the positive image. Part of the cells lining 
the sweat-glands and hair-follicles may also be pulled out, and arc 
turned toward the observer. Figures of the arrangement of these 
septa are given in the papers of Blaschko and Loewy (\)\). 316, 325)- 

^ Archiv f, Atiat. v. Phys., Anat. Abtli., 1893. 
^ Archivf. mik. Anat., xxxviL p. 159, 1891. 
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THE KAUS. 

The botly of tlic nail rests on the nail-bed, the root of the nail 
on the matrix and the part at the root and sides from which tho 
nail springs is tho nail /roove The body of the nail is made up of 
niinieronx clear horny cells each contommg a rod shaped nucleua. 
The nails are really the stratum iuciduni the stratum corneum 
being absent, and this rests on the Malpighian hyer bke that of 
the epidermis The 
6 ff a eorxum. or nail bed, on 
, vrhtch tlie nail rests 
13 beset with very 
vascular longitudinal 
Tidges papillae being 
absent 

Harden the nail of 
a child and its sub- 
jacent bed m alcohol 
Make T and L. sec 
tiODS Stain in hfe- 
matoxylm (balsam) or 
piero carmine (Far 
PI8.3II.— T.3.ThronBhHBltthB NbII Injected a. J**)! rantH a^^]utlon^ 

BUhMamw; i More open lnver ( cells e. atratam """» '^'i;""i' ^ „ 

Malpighll', d TruiiTeneiecIloniot rldKH e StXi 15 TS NaU (L 

f^ViiuJ'cltwn."'"'" ' projecting ever the n»U ^^j H).-Observe the 

substance of the nail 

{fig. 312), and under it a series of transverse seetions of the ridges 

of the coriiim of the nail-bed projecting into tho epidermis. Under 

this the dense fibrous matrix. 

16. L.8. NaiL — Observe the same general arrangement, but note 
that no papilla-like sections of ridges are to be seen. 



ADDITIONAL EXERCISES. 

17. Elastic Fibres in the Skin.— (t.) Thi-^c resist gastric di^stion; henne, 
Olid some p-psin to . 2 ]>cr cent, of liydiiKhlorii: nc^iil. If aiiinll |iicces of skin 
lie partially digested in nrliliciEil gastric .t nice at 40°C., part of tlie connective 
tiHsiie is diSBolvcd Bnd the einatic networks remain, 
(ii.) Herxheimer'H Method. 

(1,) Hai'den in Miiller's fluid. 
(2.) Stain 3-5 minutes in 

Hrenintoxyliii ... I gniin. 

Absolute alcohol ... 20 uc. 

Water . . . 20 ,, 

Sat sol. lithic catb, . . . i „ 
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(3.) Eitract (5-15 seea.) with official mrchloride of iron solution. 

(4.) Wash in water. 

(6.) Alcohol, oil, balsam. 
The elastic fibres are bluish-black or black, and the atirroundinz tissue light 
blue. What Herxheimer described ax " spiral a " in the lower layer of tlia 
('[lidermll are sjiiral flbrils jiroi'seding from the lowest lajer of the cells of the 
epidemiifl, as shown by Kronmayer (p. 327}. 



s Method.— Place a. 

Absoiilte alcohol 
Water 
Hydrochloric acid 



s of the skin for 12-24 horn's iu tlia 






Tlie sectioua are afkrwarda decolorised ii 
alnohol. A full account of the arraiigami 
Lenthoefer.' 

18. Swest-QIands of AxilU. —Make V. S. of the skin of the axilla hardened 
in alcohol. Stain in hamatoxyliu, or stain iu bulk and out in jmraffin. The 
aweat-fflands, and particularly the coils, are very lai;ge. lo these gkuds it lit 
eaay to aeo the amooth muscular fibres outside the lining 

epitlielinm of the secretory part of the coil ((Ig. 313). " 

19. Development of Haira.— Make V.S, of the akin of 
a fwtua at the fourth to the fiflh month, after lieinf; 
hardened in Miiller's fluid (iz-15 days) and then in 
alcohol. Stain a small piece "in hulk" ' ' 



The 
methyl-g 



Moui 




balsam. 

20. DouUe-Stainins of H»iT.Folliclea.— (n. ] Make V. 1 
and T. sections, and stJiin snins with eosin and hiemato- 
nylin, and others first with picro-carmiiie (la honrs) and nuclei 01 amooin 
then with methyl-green ioilida. The latter prejaration muacls. 
is specjallj beautiful, and hotli T.S. and L.S. should be 
atained by this method. The acalp is best hardened iu potossic bichromato. 
Harden other pieces in alcohol. Methyl-greeu staina the inner root-aheath 



(ft.) Stain witb fl 



■e-blne 



Eafranin . Henle's sheath is roay, Huxley's 



(c. ) Or stain in safianin in a weak alcoholic soliuion of picric acid. 

21. Tactile Htdn. — Hanlen the skin eonlnining the lar^e tactile hairs of 
a rabbit or cM in alcohol or Miiller's fluid. Make T.S. and L.S. OutaJde the 
aheathfl of the hair- follicle, already dow;ril)ed, there is a large blood-a|iace 
traveriKd by trabecnlfe, and thus presenting the characters of cavernous 

22. Nail {doubk-stained).—Pic[o-canninB and methyl -green. 

23. Blood-Pigment in Hair (H).~£xamiuc in normal saline one nf the 
large " fei-lers" from the lip of nn albino rabbit [ff. M"yer), At some part of 
the hair in its centre a red |iii!ment— hiemnglnbin— may be aeun. 

24. Fibrillation of Ftotoplaam of EplthGlJal CeUa {/CTonmayer).' By means 
of Weigert's fibrin -staiuiug niotliod (Lesson 111. 20) Kianmuyer has demon- 

' TojMgraphU d, Elu.ilisclun Oeuvbf, Leipzig, 1892. 

• " Die l*roU)pLiiimafa.-prung d. Epithclzello, " AriAin f. iiiik. AiuU., ixxix, 
p. Itl, 1892. 
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strated the passage of the fibrils of one epithelial cell into adjacent epithelial 
cells, thus giving rise in the intercellular spaces to the appearances known as 
"intercellular bridges " (p. 128). The fresh skin of the sole of the foot or 
palm of the hand is hardened in absolute alcohol. Failing this, use part of an 
epithelioma. It may be stained with alum-carmine or borax-carmine, and then 
embedded and cut in paraffin. The sections must be very thin (at lt*ast 0.005 
mm.), and in oider to obtain these the knife must be placed obliquely and the 
sections cut from the epithelial surface towards the cutis vera. 

The sections are i»laced in a watch-glass and xylol added to dissolve the 
paraffin. Add ftvsh xylol, pour it off, and then slowly add absolute alcohol. 
Gradually aild water until the sections float flat on the surface. They are then 
carefully transferred to a slide, and by the aid of a pad of filter-paper gently 
fixed on the same. The sections so fixed are stained on the slide. 

The best staining reagent is methyl -violet-6B, prepared as follows : — Mix 
equal parts of aniline- water and a saturated watery solution of methyl violet. 
Pour a f<jw drops of this fluid on the section fixed on the slide, and in five 
minutes lave the se(;tion in water. 

Decolorise (few seconds) in iodine solution (p. 93). Wash in water. Remove 
the water by pressing blotting-paper on the section, and then flood it with 
aniline-xylol (aniline oil, i : xylol, 2). This mixture extracts the surplus 
dye very rapidly, so that the preparations must remain but a few seconds 
therein. 

The march of events, supposing one wishes to stain the cell nuclei before 
staining the protoplasm fibrils, is as follows — the cells being previously 
hardened : — 



(i.) Alum-carmine. 

(2.) Wash in water (HCl-alcohol, 

absolute alcohol). 
(3. ) Methyl-violet-aniline-water. 
(4.) Wash in water. 



(5.) lodo-potassic-iodide fluid. 
(6.) Wash in water. 
(7.) Aniline-xylol. 
(8.) Xylol-balsam. 



LESSON XXX. 



SPINAL CORD. 

The spinal cord, like the brain, is invested by three membranes, 
named, from without inwards, dura, arachnoid, and pia mater. 
The pia mater closely invests the cord, and sends processes into its 
substance as well as into its fissures. The cord itself is composed 
of white matter externally and grey matter internally. Running 
along the cord anteriorly and i)osteriorly are the anterior and 
posterior median fissures; the former is the wider, the latter 
rather a groove than a fissure. The two fissures do not meet in the 
middle line, but they serve tQ divide the cord incompletely into two 
lateral halves, which are united across the middle line by a com- 
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misEure, composed anteriorly of wbitu fihces crossing from one aide 
of the cord ki the other — white conuuissure ; and posteriorly of 
grey matter— posterior comiuisBUTa In the middle of the latter 
is the minute central canal, lined liy columnar ciliated epithelium. 
In each half of tlie cord is a erescent-ahajied tiiosa of grey matter 
as seen in transverse section, the two inaeaes coiineclel across the 
raiihlle line, and presenting nioro or less the form of an H, with the 
extremities of its vertical limha turned outwards. Its extremities 
are the anterior and jjosterior eomua. The anterior comua are 
genemlly wider and sborttT than the posterior, which ore narrow, 
and come nearer the surfoce of the corii. Tlie nerve-roots arise 
from the corima, the anterior root hy several bundles from the 
anterior cornu, and the posterior root hy a single bundle from the 
posterior one. Iii tliis way, and hy the exiBtcnce of the fissures, 
each half of the white niattpr of tlie cord may he conveniently 
described as divided into an anterior, lateral, and posterior 
column, or more correctly into au autero-lutcral and a posterior. 
The anterior .conm ooutaina numerous large multipolnr nerve-eells 
arranged in groups. Each cell is continuous, through its axis- 
eylinder process, with a nerve-iibre. The arrangement and number 
of cells, however, vary in different parts of tlie cord. There are no 
large nerve-cells— only small fusiform ones mid some small isolated 
or " solitary " cells — in the posterior cornu, whieh is capj>ed by a 
pecidiar greyish matter—the Bubatantia gelatinosa of Rolando. 
The white matter is composed of nicdullatcd nerve-fib res ^amu 11 
and largo — arranged for the mosb part longitudinally, so that in a 
transverse section, when stained with carmine, they appear like 
clear rings with a central, red-stained spot — tlie asis-cylinder. In 
Pul's mctliod the myelin is sUiined, and eo they a]ijx'ar as blackish 
circles with a clear centre. The nerve-fibres, and grey matter as 
well, ore supported by a' peculiar suatenlacuJar tiasLie — nem:oglia — 
composed of glia-cellfl (p. 343), and both are supplied by blood- 
vessels, the grey matter, however, being far more vascular than the 
white. Tlie grey matter, besides blood-vessels, lymphatics, glia-cells, 
nerve-cella, and their numerous processes, also contains nerve-fibrea. 

The nerve-cellH vary in size, shape, and other characters in the 
different parts of the cord. Golgi speaks of two types of ncrve-c«llB 
in the spinal cord. 

Ti/jte I, or Motor Type, corresponding to the multipolar cells of the 
anterior cornu. In these one proce^ ii^tains its individuality, and 
passes directly to become an axis-cylinder of a meduUated motor 
nerve-fibre in the anterior root. This axis-cylinder process gives off 
a few secondary lateral processes or collaterals, which divide and 
enter into the formation of the nerve-complex in the grey matter. 
The protoplasmic processes subdivide, and also form port ol the 
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same grey complex, but they do not unite with fibres from adjoining 
cells or with nerve-fibres. 

Type 2, or Sensory Type. Also multipolar, smaller cells, with no 
axis-cylinder process. All the processes subdivide into finer pro- 
cesses, lose their individuality, and pass in toto into the nervous 
complex, or diflfuse nervous network in all strata of the grey matter 
of the cord. These cells are therefore connected only indirectly 
with nerve-fibres, i.e., through the intervention of the grey nervous 
network ; and it is only in this indirect way that they come into 
relation with — contact, not actual union with — the branches of 
axis-cylinders of the nerve-fibres of the posterior root. 

Arrangement of Nerve-Cells. — In the grey matter of the anterior 
cornu, the large multipolar nerve-cells — cells of the anterior* comu — 
are arranged in groups varying in different parts of the cord. Many 
of their axis-cylinder processes pass out as axis-cylinders into the 
nerves of the anterior root on the same side of the cord. These 
cells are in relation with the fibrillar nerve-endings of the fibres of 
the pyramidal tracts, and also with the collateral fibres of the pos- 
terior root-fibres. In the upper dorsal and lower cervical regions 
is a group of nerve-cells — intermedio-lateral tract — lying well for- 
ward in a projecting part of the grey matter known as the lateral 
cornu (fig. 317, Til). In the middle of the crescent is the middle 
cell group. At the base of the posterior cornu, on its inner aspect^ 
is a group of large cells — best marked in the thoracic region — 
darkens column (figs. 318, 319, CCI), The axis-cylinder pro- 
cesses of the cells of Clarke's column pass into and become the 
nerve-fibres of the direct cerebellar tract (p. 331). The cells of the 
posterior cornu are small, and for the most part isolated. 

Diffuse Nervous Grey Network. — The network or complex of 
nervous fibrils in the grey matter of the cord is formed by— r-(i.) 
the fibres and their branches of the 2nd type of nerve-cells (p. 330) ; 
(2.) the fibrils and prolongations of the protoplasmic fibres of the 
ist type; (3.) the lateral branches of the axis-cylinder processes of 
the ist type ; (4.) the fibrils produced by the terminal arborisations of 
the axis-cylinders entering the cord by the posterior roots. 

Thus it is evident that some nerve-fibres spring from the cord 
directly from nerve-cells, and others indirectly from the nervous 
complex in the grey matter. Thus they are different, both morpho- 
logically and physiologically. 

By several lines of research — including the facts of development^ 
experimental and pathological evidence — the anatomical columns of 
the cord can be shown to be further subdivided. By these methods 
it is found that the posterior column consists of a narrower internal 
part, the posterointernal or postero-mesidl column, or funiculua 
gracilis or column of Goll, and an outer, postero4ateral tract or 
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funiculus cun^atvs, or column of Burthtch. In the upper part of the 
cord these two tracts are mapped off from each other by a septum 
of connective tissue (fig. 317). 

TYiQ postero-internal tract is composed chiefly of rather small fibres, 
derived from the fibres of the posterior roots and fibre of the pos- 
tero-lateral column. They end above in grey matter in the nucleus 
gracilis of the bulb. 

The postero-lateral tract is chiefly composed of nerve-fibres of the 
posterior roots which run in it a certain distance before they pass 
into the grey matter and Goll's column. They end in grey matter 
in the cord and in the nucleus cuneatus of the bulb. 

In the pastero-lateral column is a small zone which undergoes 
descending degeneration, but only for a short distance, after section 
of the cord — the so-called comma tract, 

Lissauer^s Tracts or " marginal hnndley^ lies near the entrance of 
the posterior roots, either in the lateral column or posteroexternal 
column. It is derived directly from the fibres of the posterior roots. 
It undergoes ascending degeneration. 

The antero-lateral column contains a large tract — the crossed 
pyramidal tract — which lies external to the posterior half of the 
grey matter, and in the greater part of its course is separated from 
the surface of the cord by the direct cerebellar tract. It consists 
of fibres descending from the central areas (motor^ of the cerebral 
cortex, which have crossed at the decussation of the pyramids in 
the bulb. It consists of moderately large and some small fibres. 
Its fibres end by breaking up into fibrils, which form arborisations 
around the nerve-cells in the anterior cornu. It gradually 
diminishes in size as it passes down the cord, and can be traced as 
far as the origin of the 3rd or 4th sacral nerve, where it reaches the 
surface. 

The direct pyramidal tract or column of Tiirck bounds the 
anterior median fissure, and consists of fibres coming from the 
motor areas of the cerebral cortex, which do' not cross at the bulb. 
This tract gets smaller, and gradually disappears about the mid- 
dorsal region. Its fibres perhaps cross in the cord. These two arc 
descending tracts. 

Beginning at the lower dorsal region, and increasing in size as it 
passes upwards, is a tract lying external to the crossed pyramidal 
tract — the direct cerebellar or dorso-hderal tract — which con- 
sists of large fibres derived from the cells of Clarke's column, 
which pass up to the cerebellum, and enter it on the same side by 
its inferior peduncle or restiform body. Near the surface of the 
cord, and lying more anteriorly, is a tract which extends ventrally 
into the anterior column — the antero-lateral aacnuling tract of 
Gowers. Sometimes the term ventro-lateral is applied instead of 
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antero-lateral. It enters the cerebellum by the superior cerebellar 
peduncle. 

In the dog, as a result of excision of one-half of the cerebellum, 
a circumferential tract, occupying three-fourths of the surface of the 
antero-lateral tract — the antero-lateral descending cerebellar tract — 
has been mapped out. The remainder of the antero-lateral column 
is spoken of as the antero-lateral ground bundle. 

As regards the results- of degeneration following section or lesion 
of the cord, those parts that undergo degeneration above the lesion 
are called "ascending tracts"; and "descending tracts," are those 
nerve-fibres that degenerate below the lesion or seat of section. 
The parts which may undergo these respective degenerations are : — 



Descending 
degenerati&n. 

Ascending 
degenercUion. 



' Direct pyrainidal tract. 

Crossed pyramidal tract. 

Autero-lateral desceuding cerebellar tract (limited). 
L Comma tract 

Goll's column. 

Direct cerebellar tract. 

Tract of Gowers. 
^ Tract of Lissauer, 



It will thus be seen that in the antero-lateral columns there are 
some nerve-fibres which do not undergo degeneration. 

Course of Fibres of Nerve-Eoots. — The fibres of the anterior 
roots arise in several bundles from the axis-cylinder processes of the 
multipolar nerve-cells in the anterior cornu. 

The fibres of the posterior roots entt^r the cord by a single bundle, 
but each one is an axial cylinder process of a nerve-cell in the 
corresponding spinal ganglion. They pass into the postero-lateral 
column, some pass into the posterior cornu, and a few small fibres 
form the marginal bundle (p. 331). Many fibres pass up in Goll's 
column, and the postero-external tract to end in terminal arborisa- 
tions of fibrils around nerve-cells in the bulb, the fibres of Goll's 
column in arborisation^ around the cells of the nucleus gracilis, and 
those of the postero-external tract in the nucleus cuneatus. After 
entering the cord, the fibres in the posterior columns bifurcate, one 
branch passes upwards and one downwards (fig. 322). Collateral 
fibres are given off from the original fibre, and also from its 
branches, which enter the grey matter and end by terminal arbori- 
sations of fine fibrils which come into relation — but not direct union 
— with the nerve-cells of the grey matter, notably with the cells 
of Clarke's column. 

THE SPINAL COED. 

It is convenient to begin with the cord of a small animal, e.g., a 
cat or dog, but the student must also be provided with sections of 
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the human cord. The same methods are applicable to both. 
Remove the whole length of the spinal cord from, a cat, taking care 
not to aqueeee or crush it in the process. Make trausveree euta 
into it about J of an inch apart, and Buapend it in a tali vessel iu a 
large quantity of Miiller's fluid, or z per cent, ammonium or 
potassium hichromati?. Keep it in a cool place in the dark. 
Bichromate of ammonium hardens the cord very slowly indeed. 
In fact, to get a properly hardened cord months are reqiiired. To 
test if the cord is properly hardened, nut a section of the cord taken 
from the ammonium bichromate tluid, place it in water, and if it 
curls up, it is not properly hardened. It ought to remain flat. 
The process may be exjiedited by hardening first for 4 or 5 weeks 
in the bichromate, and completing the hardening for 2-3 weeks in 
J per cent, chromic acid. Change the hardening fluid on the 
second day, and repeatedly thereafter. After 4-5 weeks, when it 
becomes tough, wash it, and harden in the various strengths of 
alcohol, beginning with 50 per cent. If, however, the spinal cord 
is to be used for Weigert's liaamatcxylin stain, it must not be 
washed in water, but placed in alcohol direct from the Miiller'a 
fluid or potassic bichromate. 

T.8. are made from the cervical, doiMl, and lumbar regions. 
They may be made by means of tho freesnng microtome, the cord 
having been previously saturated in the sugar and gum mixture ; 
oT small pieces of the cord may be stained in borax-carmine 
(1 week), and then cut in paraffin. Or they may be embedded and 
cut in celloidin, and afterwards stained {p. 60). The paraffin 
, sections are fixed to a slide by a " fijtative," the paraflSn removed 
by turpentine or xylol, the sections clarified by clove-oil, and 
mounted iu balsam. Sections, if made by freezing, may be stained 
with carmine, hieniatoxylin, anil itie-bhie -black, safranin, methylene- 
blue, or by other mctlioda. 

1. T.8. Spinal Cord of Cat (L) and (H).— Speaking broadly, 
the same general arrangement obtains as in iig. 314. Suppose it tn 
be the liarsal region, and the cord to be stained in carmine and 
mounted in bidsam, observe ; — 

(a.) (L) Tiie nearly circular outline of the section, covered 
eitemaily by the pia mater, composed of two layers. From its 
under surface septa run into the white matter of the cord, and some 
of them carry blood-vessels, and processes pass into the fissures of 
the cord. 

(/f.) The anteirior and posterior median fissures. The 
anterior fissure is wider and bettor marked. In it nm both 
layers of the pia niater. The posterior fissure appears as a 
septum due to the prolongation of the inner layer of the pia mater 
into it, the outer layer of the pia runs over the flasure. The 
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cord is thus almost completely dividf^ into two symmetrical halves 
{fifr 3*4)- 

(c.) If the section is made at the level of the origin of the 
nerve-roots, these may he seen. The mode of origin of some of the 
fibres of these roots cnn always be seen. The avterior root passes 
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cai.al;/. Ve1n«. g. Origin of anterior nerve-root; h. Posterior nervo-root : t. WWte, 
aDdj. Grey eommiBBUreB; I. Reticular formatiop. 

out of the cord in several bundles, while the posterior root enters 
the cord in one compact bundle. 

(d.) The white matter externally, and the grey matter internally, 
the latter deeply stained. The origin of the nerve-roots dividing 
the white matter into the anterior, lateral, and post^or coltunns, 
but owing to the anterior root leaving the cord in several bundles, 
there is not an exact anatomical limitation of the anterior from the 
lateral column. 

(f.) The grey matter, deeply stained — a crescentic mass in each 
half of the coid, with a broader anteriur comu, with numerooa 
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large multipolar nerve-cells, arranged in groups — which doea not 
reach the surface of the cord, and a posterior comu — with a few 
small nerve-cells — which cornea to the surface, and is prolonged into 
the posterior root. At the hinder part of the posterior cornu an oval, 
deeply stained pari, the mbetanha gdaitnosa A neck connecting 
the two cornua. There is al-<o a 
group of nervenjells placed laterally 
in the grey matter, the lest'-uhir 
riifumn of Clarice (fig 31S) In 
the anterior horn, note e'.petialh 
the entrance of the flhres of tli 
anterior nerve-root and the lar^i 
multipolar nerve-ceUa (fig 315) 
(/) Connecting the two hih 
f th d th ante o 

poBteno commisBureB 
be n h gr 
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Note also the prolonga- 
the deeper part of the ]iia into the 
Bubstance of the cord. The larger septa carry hlood-veaselB. 
The nerve-fibres of the antcro-la.teraI columns are generally 
larger, i.e., broader, than those of the posterior column, while those 
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of tlie column of Goll are remarkable for their small size. Measum 
the sizes. 

(t.) The anterior comn, with large multipolar ncrve-cella arranged 




Cord, Level ol 




in groups, chiefly in the anterior and lateral parts of the cornu. 
Each cell has numerous processes, a spherical well-ilefined nucleus 
with a membrane and a nucleolus (fig. 202). Owing to the methoil 





of hardening, all the cells are somewhat retracted, each cell ap- 
parently lying in a cavity. 
(J.) Trace meduUated nerve-fibres across the white commissui-e 
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from the grey matter of one side to the white matter of the opposite 
side. 

(k.) The posterior comu. Note the absence of large cells. 
Only a few small fusiform nerve-cells are seen. Some of the fibres 
of the posterior root pass into the posterior cornu; some pass 
directly through the substantia gelatinosa, and others sweep with a 
curve through the posterior column before they enter the grey 
matter. The grey matter generally is traversed by fine fibrils, and 
has a somewhat finely granular appearance. 

(l.) The central canal, lined by a single layer of columnar 
ciliated epithelial cells. The cilia may be wanting. Near it sec- 
tions of blood-vessels. In the grey matter observe the plexus of 
fine fibrils and numerous axis-cylinders. (Multipolar nerve-cells, 
Lesson XVIII. 9.) 

2. T.S. Human Spinal Cord in several Regions. — Stain sec- 
tions with carmine or lithium-carmine, hsematoxylin, or aniline 
blue-black, and mount in balsam. Mount sections from the cervical 
enlargement (fifth nerve) and lumbar enlargement, and compare 
them with the dorsal section. "With the naked eye (and L) 
observe : — 

(a.) The cervical and lumbar sections (figs. 317, 320) are not 
only larger, but the amount of grey matter is greater tlian in the 
dorsal region. Note the large expanded anterior cornu with 
numerous nerve-cells. In the lumbar region the grey matter is 
large in amount, the white matter smallest. The white matter is 
more abundant in the dorsal region and most abundant in the 
cervical region. This can, to a certain extent, be determined by 
the amount of white matter lying between the grey matter and 
the pia mater. There is a gradual transition from the one region 
of the cord to the other. 

(b.) In the cervical region note a thin septum, which dips into 
the white matter and divides its posterior column into a smaller 
internal part — the 'posterointernal column or column or fasciculus 
of Golly and a larger external or lateral part — the postero-exteimal 
column, or fasciculus cuneatus. The grey matter, containing some 
nerve-cells, also projects into the white matter about midway 
between the anterior and posterior cornua, forming the intermcdio- 
lateral tracts 

(c.) In the dorsal region, observe a group of nerve-cells at the 
inner part of the neck of the grey matter. It lies behind the plane 
of the central canal— column of Clarke, or posterior vesicular column 

(fig. 319, cat). 

In sections of the cord at diflFerent levels it is important to note 
the sectional area of the different columns. Thus, Goll's column is 
largest in the upper cervical region, and diminishes from alx>ve 
30 X 
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of tlie column of Goll are remarkable for theb small sue. Measum 
the sizes. 
(>.) The anterior cornn, with large multipolar ncrve-celk arranged 





in groups, chiefly in the anterior and lateral parts of the cornu. 
Each cell has numerous proeessea, a spherical welklcfined nucleus 
with a membrane and a nucleolus (Bg. 202). Owing to the methoil 





of hardening, all the cells are somewhat retracted, each cell ap- 
parently lying in a cavity. 

(J.) Trace medullated nerve-fibres across the white commissure 
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from the grey matter of one side to the white matter of the opposite 
side. 

{k.) The posterior comu. Note the absence of large cells. 
Only a few small fusiform nerve-cells are seen. Some of the fibres 
of the posterior root pass into the posterior cornu; some pass 
directly through the substantia gelatinosa, and others sweep with a 
curve through the posterior column before they enter the grey 
matter. The grey matter generally is traversed by fine fibrils, and 
has a somewhat finely granular appearance. 

(I.) The central canal, lined by a single layer of columnar 
ciliated epithelial cells. The cilia may be wanting. Near it sec- 
tions of blood-vessels. In the grey matter observe the plexus of 
fine fibrils and numerous axis-cylinders. (Multipolar nerve-cells, 
Lesson XVIII. 9.) 

2. T.S. Human Spinal Cord in several Regions. — Stain sec- 
tions with carmine or lithium-carmine, haematoxylin, or aniline 
blue-black, and mount in balsam. Mount sections from the cervical 
enlargement (fifth nerve) and lumbar enlargement, and compare 
them with the dorsal section. "With the naked eye (and L) 
observe : — 

(a.) The cervical and lumbar sections (figs. 317, 320) are not 
only larger, but the amount of grey matter is greater than in the 
dorsal region. Note the large expanded anterior cornu with 
numerous nerve-cells. In the lumbar region the grey matter is 
large in amount, the white matter smallest. The white matter is 
more abundant in the dorsal region and most abundant in the 
cervical region. This can, to a certain extent, be determined by 
the amount of white matter lying between the grey matter and 
the pia mater. There is a gradual transition from the one region 
of the cord to the other. 

(6.) In the cervical region note a thin septum, which dips into 
the white matter and divides its posterior column into a smaller 
internal part — the posterointernal column or column or fascicuhis 
of Goll, and a larger external or lateral part — the postero-exteimal 
column, or fasciculus cuneatas. The grey matter, containing some 
nerve-cells, also projects into the white matter about midway 
between the anterior and posterior cornua, forming the intermedio- 
lateral tracts 

(c.) In the dorsal region, observe a group of nerve-cells at the 
inner part of the neck of the grey matter. It lies behind the plane 
of the central canal— column of Clarke, or posterior vesicular column 

(fig. 319, aa). 

In sections of the cord at diflFerent levels it is important to note 
the sectional area of the different columns. Thus, Goll's column is 
largest in the upper cervical region, and diminivshea from uAiov^ 
30 X 
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decolorised by the ferricyanide mixture, clarified, and mounted in 
balsam {Hamilton), 

Stages of Weigert's Method. 

(1.) Harden nervous system in Miiller's fluid. 

(2,\ Harden in alcohol without previous washing in water. 

(3. ) Embed in celloidin. 

(4.) Place celloidin block in a half-saturated solution of copper acetate 

(24-48 hours). 
(5. ) Alcohol, 70 per cent. (24 hours). 

(6.) Cut sections and stain them in Weigert's hsematoxylin (24 hours). 
(7.) Wash in water. 
(8.) Partially decolorise in ferricyanide fluid until grey matter becomes 

yellow, 
(9.) Wash in water, dehydrate in absolute alcohol, clarify in xylol, aud 

mount in xylol-baUam. 

Pal's method is referred to on p. 343, but the following combina- 
tion of the Pal and Weigert method gives good results : — 

5. Modified Weigert-Pal Method. 

(L) Harden in Miiller's fluid and then in alcohol, without wash- 
ing pieces in water. 

(ii.) Embed and cut sections in celloidin. 

(iii.) Wash in water and transfer to Marchi's fluid (5-10 hours). 

(iv.) Wash and transfer for 10-16 hours to 

Knltschitzky's Haematoxyliji. 

Hfematoxylin I gram. 

Absolute alcohol . • . • 2-5 oc 

Dissolve, and to the fluid add 

Acetic acid (2 per cent.) . . . 100 cc. 

The sections become black. 

(v.) Bleaching process — (a.) Wash in water and bleach for 5 
mins. in .2 per cent, permanganate of potash. Wash 
again, and transfer to 
(ft.) Pal's solution (p. 344), in which they are rapidly (5-10 
mins.) bleached, the medullated fibres alone remaining 
black, 
(vi.) Wash in water, dehydrate in alcohol, balsam, oil (xylol), 
balsam (Schdfer). 

6. Weigert-StainedCord.— (a.) (Land H) Observe the medulla 
of the medullated nerves, stained purplish. There are so many fine 
medullated nerve-fibres revealed in the grey matter that it is impos- 
sible to reproduce their complexity in a woodcut. The nerve-cells 
are not specially in evidence, although they can be stained with 

picro-carmine. 
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Formerly Weigart used aciiJ-fuclisin for staining tlie meduJIated 
nerve-fibres of the central nervoue sjstem, but this method is uow 
given up in favour of the hamatoxylin copper method. 

7. HeuTOglia (H). — Stain in aafranin (24 hours) thin sectioiia of 
the white matter of the cord hardened in Miiller's fluid, partially 
ileuolorise in abeolute alcohol, and mount in halsam. 

(a.) Obaerve the branching neuroglia-cella between the white 
nerve-fibrea (fig. 316, e). The connective-tiaaue elements have a 
tint more towards the violet, and are thus differentiated from the 
nervous elements. The network of neuroglia-fihres is readily seen 
near the surface of the cord. 

8. Blood-Vessels of the Spinal Cord. — Mount a transverse eec- 
tion of the eord, with its blood-vesaela injected. Cut the cord in 
paraffin. The sections must be rather thick (L and H). Inject the 
animal, e.if., cat or rabbit, from tlio aorta with a blue or red ma^s. 
Harden in alcuiioL 

(a.) Observe the greater vascularity of the grey matter as com- 
pared with the white. A blood-veaael may lie seen running into the 
anterior median fiaaure, and at the bottom of it dividing, and giving 
& branch to each mass of grey matter. 

(I/.) The dense plezus of ca[>illBries in the grey matter. Branches 
of blood-veasola passing into the cord along the roots of the nerves 
and along the larger septa, which pass from the pia mater into the 
cord. 

9. HervB-Fibrea of the Spinal Cord (H). — Crush a piece of the 
white matter of the cord, either fresh, or after maceration in J per 
cent, bichromate of potash, between a cover-glass and a slide. 

(a.) Observe the nerve-fibres, many of them with lateral bulgings, 
or presenting a beaded or moniliform appearance. Thia ia due to 
the fact that these nerve-fibres are devoid of a primitive sheath. 

(6.) Droplets of "myelin" with concentric markings are seen in 
the field. 

10. Herve-Pibres of the Spinal Cord (H).— By meana of a 
liypodemiic syringe make an interstitial injection of i per cent 
osmic acid into the white matter of the antero-lateral coluum of the 
spinal cord of an ox. Tease a piece in glycerine. 

(a.) Observe tubea of dill'erent sizes, many varicose, with incisures 
and cylinder c lines, but no primitive sheatlu 

11. Staining the Cord, — To stain sections the following dyes 
may be used :■ — 

(i.) Ordinary carmine, picro-carmine, or acid-carmine. In using 
the last, use a very dilute (scarcely coloured) solution, and let the 
Bee tion 9 remain in the solution for i-a weeks. (2.) These stains 
may be comhiaed with htematoxyliu. (3.) Benzo-asuiin. {4.) 
Aniline-bine soluble in water but insoluble in spirit, (5.) The same 



336 PRACTICAL HISTOLOGY. [XXX. 

of the column of Goll aro remarkable for their small sue. Measure 
the sizes. 
(».) The anterior comTi, with lai^ multipolar nerve-celk arranged 





in grouiis, chiefly in the anterior aJid lateral parts of the comu. 
Each cell has numerous processes, a spherical well-Uclined nucleus 
with a membrane and a nucleolus (Hg. 202), Owing to the metliod 
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of hardening, all the cells are somewhat retracted, each cell ap- 
parently lying in a cavity. 
(J.) Trace medullated nerve-fibres acrose the white c 
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from the grey matter of one side to the white matter of the opposite 
side. 

{k.) The posterior comu. Note the absence of large cells. 
Only a few small fusiform nerve-cells are seen. Some of the fibres 
of the posterior root pass into the posterior cornu; some pass 
directly through the substantia gelatinosa, and others sweep with a 
curve through the posterior column before they enter the grey 
matter. The grey matter generally is traversed by fine fibrils, and 
has a somewhat finely granular appearance. 

(I.) The central canal, lined by a single layer of columnar 
ciliated epithelial cells. The cilia may be wanting. Near it sec- 
tions of blood-vessels. In the grey matter observe the plexus of 
fine fibrils and numerous axis-cylinders. (Multipolar nerve-cells, 
Lesson XVIII. 9.) 

2. T.S. Human Spinal Cord in several Regions. — Stain sec- 
tions with carmine or lithium-carmine, haematoxylin, or aniline 
blue-black, and mount in balsam. Mount sections from the cervical 
enlargement (fifth nerve) and lumbar enlargement, and compare 
them with the dorsal section. "With the naked eye (and L) 
observe : — 

(a.) The cervical and lumbar sections (figs. 317, 320) are not 
only larger, but the amount of grey matter is greater than in the 
dorsal region. Note the large expanded anterior cornu with 
numerous nerve-cells. In the lumbar region the grey matter is 
large in amount, the white matter smallest. The white matter is 
more abundant in the dorsal region and most abundant in the 
cervical region. This can, to a certain extent, be determined by 
the amount of white matter lying between the grey matter and 
the pia mater. There is a gradual transition from the one region 
of the cord to the other. 

(6.) In the cervical region note a thin septum, which dips into 
the white matCer and divides its posterior column into a smaller 
internal part — the posterointernal column or column or fasciculus 
of Goll, and a larger external or lateral part — the posfero-extefi^al 
column, or fasciculus cuneatas. The grey matter, containing some 
nerve-cells, also projects into the white matter about midway 
between the anterior and posterior cornua, forming the intermcdio- 
lateral tracA 

(c.) In the dorsal region, observe a group of nerve-cells at the 
inner part of the neck of the grey matter. It lies behind the plane 
of the central canal— column of Clarke, or posterior vesicular column 

(fig. 319, c^a). 

In sections of the cord at diflFerent levels it is important to note 
the sectional area of the difi'erent columns. Thus, Goll's column is 
largest in the upper cervical region, and diminishes from above 
30 X 
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downwards. The increase or decrease in the sectional area of some 
other columns can only be made out by a study of degenerated or 
developing cords. 

3. Ii.S. of Cord (Antero-posterior direction) — Stain as for 
T.S. (LandH.) 

(a.) Observe the longitudinally-arranged nerve-fibres in the white 
matter of the anterior and posterior columns. In the anterior 
cornu the rows of multipolar nerve-cells. 

{!).) The anterior roots passing obliquely through the anterior 
column. 

(r.) The posterior cornu, with its gelatinous substance and nerve- 
fibres parsing into and through it. 

4. Weigert'B HsematoxyUn Method.^ — The myelin of medul- 
Lited fibres is stained of a deep blue-black tint, while degenerated 
parts are not so stained; they are lighter just in proportion to 
the disappearance of medullated fibres. The spinal cord, or the 
brain, is hardened for four to six weeks in Miiller's fluid, and the 
hardened pieces are placed direct into 70 per cent, alcohol, and 
must not be washed with water. Keep in the dark. Next day 
add 90 per cent, alcohol, and harden completely in 95 per cent, or 
absolute alcohol. Instead of Miiller's fluid, Erlicki's fluid may be 
used. This is best done by keeping the fluid at the temperature 
of the body in a warm chamber, when the hardening process is 
completed in a few days ; but the results are not so satisfactory as 
in the case of a cord hardened in the ordinary way. Small pieces 
of the hardened tissue are placed in a half -saturated solution of 
neutral acetate of copper (^.e., a saturated solution is mixed with 
its own volume of distilled water), where they remain for three to 
five days. They are then transferred direct to 90 per cent, alcohol, 
and can then be cut in alcohol, or the pieces can be embedded in 
celloidin and then cut (p. 47). 

(A.) The sections are placed for two or three hours in a few cc. of 
Weigert's haematoxylin, in which they become black. 

Weigert's HsematoxyUn. 

Haematoxylin ..... I frram. 

Alcohol absolute . . . . 10 cc. 

Cold saturated solution of lithium carbonate i ,, 

Distilled water . . . 90 „ 

Dissolve the haematoxylin in the absolute alcohol, add the water 
and boil. After it is cool, add the lithium carbonate. The time 
which the sections remain in this fluid depends on what it is 

^ Fortschrit d, Med.j 1884 and 1885; Zeits. f. rdssensch. Mik., 1884 and 
1885. 
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desired to show. Two hours or so are enough for the cord, but 
if the fine plexuses of niedullated fibres — described by Exner — -in 
the cerebral cortex are to be well a*en, let them stain for twenty- 
four hours. After they are sufficiently stained, throw the watch- 
glttsB and the stained sections into a large basin of distilled water. 
Remove the sections from the water at once, and plnce them, for 
about half an hour or more, in the fallowing mixture : — 

Potussic ferriiiyaniilB . . . 3.5 gramH. 

Water . ! '. '. '. loooc.' 

This fiiiid decolorises and ditferentifltes the black sections. The 
gTpy matter becomes of a brown or light-yellow tiiit, and should 
remain so while the white matter becomes violet. The sections 
must remain in the decolorising fluid until the deep blue or violet- 
coloured medidlated nerve-fibres are seen. This can readily be 
determined after a little practice. The sections are then washed 
in water — in wliith they can be kept for a considerable time — 
transferred to 90 per cent., and finally to absolute alcohol, clari- 
fied by xylol or origanum oil, and mounted in xylol-halsam. This 
method stains the medulla or myelin of the nerves — especially of 
the central nervous system — of a deep blue or violet tint, while the 
nerve-cells, neuroglia, and axis-cylinders are not stained. The 
method, however, may be comiiined with staining methods. After 
the organ is hardened in the chromium salt and alcohol, small pieces 
are embedded in celloidin and cut in & microtome. The sections 
aro placed in 80 per cent, spirit — ^not wator. The celloidin enables 
the sections to be readily handled and transferred to a slide. They 
are then stained in the special hiematoxylin fluid already descrilied. 
If a series of sections is to be mounted on the same slide, see the 
method described at p. 60. The sections are clai'iliod in origanum 
oil or a mixture of xylol and carlioHc acid (p. 83), Mounl«d in 
balsam. This methiid is also ajiplicable to the spinal ganglia. 

(B.) Freezing Method. ^The piece of cord or brain, after harden- 
ing in Muller's fluid, is placed in spirit and transferred to a mixture 
of equal parts of absolute alcohol and ether, and then embedded in 
celloidin. The embedded tissue is placed for forty-eight hours in 
Erlicki'a fluid, to get rid of the spirit, and they are then placed in 
the following mixture, and kept in stoppered bottles in a warm 
cliamber at 38* C. for two or three days : — 

Cupric Bulnhate , .... 0.5 gmm. 

rotossic bmhroniata .... 2.5 gnims. 

Mucilage bf syrup and giLiii . , 100 it. 

Sections are cut in a freezing microtome and received into Erlicki'a 
fluid, washed in methylated spirit, stained in the hiematoxyliu fluid. 
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The sublimate may act on (a.) the ganglionic celhi, ((.) the neuroglia cells, 
and (c. ) the blood-vessels. The best results with these methods are obtained 
with the cerebral cortex. The sections can be stained afterwards by the usual 
methods, and particularly by Magdala-red. 

Thd parts acted on by the sublimate are white by reflected light, and appear 
black by transmitted light, because they are opaque. Golgi^ finds that for the 
study of the diffuse network in the central nervous system, by this method the 
best results are obtained when the "metallic white" is converted into a 
metallic black. For this purpose he uses the "fixer" employed for fixing 
positive photographs on aristotypic paper. 

(A.) Water . • • • • I litre. 

Hyposulphite of soda • . . 175 grams. 

Alum • . • . . 20 „ 

Ammonium sulphocyanide . • 10 ,, 

Chloride of sodium • . • 40 „ 

Leave the mixture for 8 days and then filter. 

(B.) Water, • • . • 100 cc. 

Gold chloride. • . .1 gram. 

For the toning and fixing fluid, mix of 

A . . • . . 6oco. 

Procedure. 

(1.) Wash in distilled water. 

(2.) Immerse sections (1-2 mins.) in the above mixture. The sections 

become black. 
(3.) Prolonged washing in water. 

(4.) (Optional.) Faint coloration of the sections with acid carmine. 
(5.) Wash again, then mount in balsam. 

25. Double Impregnation Method of Bam6n y OajraL* — Morsels of tissue 
are placed in the dark in the osmico-bichromate mixture as for Golgi's rapid 
method (2-3 days), and then they are gently washed and placed m .5-. 75 
per cent, silver nitrate (1-2 days). They are retransferred for 3-4 days to the 
osmico-bichromate fluid (3-4-5 days), and then again to silver. They are then 
hardened in alcohol and cut. This method certainly gives good results in 
some cases, and is very useful for the brain and embiyo preparations. 

26. Embryo Cords. — (a.) Harden the spinal cord of an embryo chick at the 
9th day as above. Remove as much as possible of the surrounding vertebral 
column before placing it in the osmico-bichromate mixture. 

(L) Observe the axi8-c3'ltnder8 of the fibres of the anterior roots springing 
from the axis-cylinder processes of the multipolar branch cells of the anterior 
cornu, themselves black. Note that the fibres of the posterior root enter the 
cord and split up into fibrils. 

(6.) Gollateral Fibres. — Harden the spinal cord of an embryo mammal (e.g,, 
sheep, 20-25 cm. long) or embryo of chick in the above fluid, and make L.S. 
in the line of entrance of the posterior roots. The sections need not be very 
thin, but one may have to make several preparations before one gets a satisfac- 
tory result. 

(H) Note that when a fibre of the posterior root enters the white matter 
of the cord it divides, sending one branch upwards and one downwards (fig. 
322), which run for a distance more or less longitudinally, but many enter the 

* Archiv, ital, de Biologie, xv. p. 462, 1891. 

• Jntemat, MmuUsch,/, Anat, u, Phya,^ vi. p. 170. 
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grpy matter, and end free in fine branch s n tho t font nf( 

nervB-oelU. The fibrea give off at 

Tight angles to their course liiisllbn a 

— collatemla — which enter the grey 

niBtter, divide into fibrils, oud end 

free. 

27. Degenenrtion of tJie Oord— 
(n.) Method of HKrchi Tordegenera 
tion, in central Derroiis eystem or n 
Derres (Lesson XVII.) : — 



which is undergoiDgdeeene a 
tion— in Mullet's fioid for at 
least 8 days. 
(2.) Place for 6 days is the follow 






ing:- 

Miillcr'a fluid 

Otimic acid (i per cent.) 

(3.) Wash in water, harden i 
alcohol. 

(4.) Embed and cut in cello d n 
AH d^enented parta appear blacE 
all the others light gi^y or ye lo bI 
(seep, a 1 2). 

(A.) Weigert'shBematoxylinmeth d 
may be used for the same pn jmi 




■rated fibres are nnata'nod 
i.e., on di Reran tiating the section 
the degenerated purts rapidly give up their stain, and thus appear 



ya LS o( the Cord of tht 
Hcglon of an Embryo Sheep ai 
t< ah H d vis n uf poMenor ^ 
eDt«rlDg be >p nol cord 



wta after 
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MEDULLA OBLONGATA— OEREBELLUM- 
CBREBBUM. 



HEDTTLLA OBLONGATA OB BULB. 



Thx medulla oblongata ie hardened in the sfinie way as the cord. 
I made at different levels, and stained in the same way 



■8 the coid (L and H). 
1. T.S. DecoBsation of Pyramids. 
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(a.) 01)Berve the shape of the cord, the deciissatioti of the anterior 
pyramids, i.e., bundles of fibres are seen coming from the lateral 
column of one etde, and running inirards and towards the middle 
line, thus separating somewhat the anterior from the poatcrior 
^ comua (fig. 313). They actually 

pass to the ant«rior pyramid of 
the opposite side of the medulla. 

(b.) At the anterior part, on 
each side of the anterior median 
fissure, sections of the anterior 
pyramid. 

(it.) At the posterior part, a 
ennall part of the posterior cornu 
extending backwards as the 
nucleus of the clava in the 
funiculus gracilis. Another mass 
iMUon'of"pyriunfd«r'D.fti."An- of ciev matter in the funiculus 

pyniDid; fa. Anterior Conrn; (,„nLt„= 

Xg. NucleiH of thetnulculni grKili*; cuneatlis. 

g. snbituitu geiatiDou; XI. Spiiui 2. T.S. 01 Ollvsry Bodies (L 
' and H). — Observe the folded mass 

of grey matter, with many multipolar neric-cells, constituting the 

olivary nucleus (fig. 324); the complex of fibres, horizontal, vertical, 
and those cut longitudinally, 
constituting the formatio 
retdcularis ; the much altered 
arrangement of the grey 
matter, which appears in the 
floor of the fourth ventricle ; 
and, according to the level 
at which the section is made, 
there may be met with the 
origin of certain of the cranial 
nerves (fig. 324). 

Of course sections should 
be made from higher levels 
in the medulla, and also 

ttirough the pons. If a student hits the requisite time, it is best to 

make a series of sections from below upwards, fixing them in order 

on slides. 

The two following tables show, the one the fissures, areas, and 

mouldings to be noted on the medulla oblongata, and the other the 

grey matter of the cord and medcHa oblongata. 




Body i partly llJagraiuDJt 
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Objects seen on the Surface of the Medulla Oblongata. 

( Anterior median. 
A, Fissures, -j Posterior median. 
^Two lateral. 



B. Areas. 



I. Anterior area i a«4.^«:^« «,r^«»;;i« 



2. Lateral area "j qj: ,„ x^- 
{baween, roots of llth V^ -^ ^/^ j„ 
a7ia I2th nerves), ) ^ 



3. Posterior 
area. 



'' r Restiform body. 

Lower J Fuuiculus of Rolando and its tubercle. 
Part. J Funiculus cuneatus and its tubercle. 
Funiculus gracilis and its clava. 



L Part ^ } ^^^ ^^ ^^^^^ ventricle. 



C. External Arciform Fibres. 



Table of Grey Matter of the Medulla Oblongata. 



Grey Matter 

of the 
Spinal Cord. 



Cord. 

Anterior \ ^^ 
C°""*- (Base 



Medulla. 

Nucleus lateralis. 

Anterior part of formatio reticularis. 

Nucleus of the fasciculus teres. 



Posterior 



rHead 
] Neck 



, Nucleus of Rolando. 

Posterior part of formatio reticularis. 

Cornu "I f ^^^^®"^ 0* *^® funiculus gracilis (clava). 

1 Base ...A Nucleus cuneatus. 
C ^ Nucleus on floor of fourth ventricle. 



Isolated Grey Nicleif ^"^^''^^ °^ ??'"^ ^y.' 



in the Medulla. 



1 



Accessory olivary nuclei. 

Nucleus of external arciform fibres. 



CEEEBELLUM. 

Methods. — The cerebellum is hardened in the same way as the 
cord. It is advantageous, however, to wash out tlie hlooil-vessols 
of the whole brain with Miiller's fluid, and afterwards to disteiid 
them with the same fluid. 

If ammonium bichromate be used (2 percent.), the pieces harden 
quicker than in the case of the cord. 

For the application of Golgi's method, see p. 345. 

3. V.S. Cerebellum, i.e., including the grey and white mattr" 
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cut at right angles to the direction of the folds. Stain it with 
carmine, sailine blue-black, or, belter still, first with logwood and 
then with eo^^in. Mount in balsam. The best way for the student 
is to Btain a small piece of the cerebellum in bulk in borax- 
carmine for two or three days, or longer, and then embed and 
cut in paraffin. In this way there is no fear of the sections break- 
ing up, and the relative positions of the several parts are accurately 
maintained. 

In making sections of the cerebellum, it is important^ if one 
wishes to see the wide expanse of the protoplasmic processes of 
Purkinje's cells, to make sections across the direction of the larainee. 
If made in the direction of the laminse the leash of protoplasmic 
processes appear quite narrow (fig. 330, B). The protoplasmic 
processes, or dendrites, as they have been called by His, spread out 
in planes transverse to the direction of the lamella hence the 
necessity for the above precau n 

Suppose a hsematoxylin-eo n ape m n to be pre a d 
(a.) (L) Observe the primary a d secondary n ons (fi 

325), In each leaflet from w h n outwards, the white ma 




i6.— Oortei of Uu Cwabellnni, x go, 
_. Ontert t. Innsr cr cminlai bw: 



composed of medullatod nerve-fibrea, and outside this the gr^ 
matter, com^xised of two layers, viz. : — (i.) The nuclear layer, 
eom|>osed of many layers of small nuclei — stained blue — each 
surrounded by a very Biiiall quantity of protoplasm, (ii.) The 
outer layer of the cortex, thicker than (i.), with a somewhat 
granular appearance, and containing branches of Purkinje's eelU 
and some small branclied angular nucleated cells (fig. 326). 
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Huiueroua blood-Tesaels enter the surface of the cerehelluiu from 
the pia mater covering it. 

(A.) At tlie boundary-lme betweea (i.) aiid (li.) a tow of Jai^e 
cells — Purkiiije's cells — each with a. souLewhat oval or globular 
body, with a single centi'al jirocess, which becomeB continuous with 
a ncTVe-fibre, although this is not «een in this preparation. Each 
cell gives off a peripheral process, -wliich immediately hranehea, the 
larger branches running laterally for a short distance, and each 
branch divides again and again, the fine branches — protoplasmic 
processes or dendrites — r unn ing vertically through the outer layer 
of the cortex nearly to its free surface. The branched arrangement 
of these fibres has been compared to the antlers of a stag. 

By means of the rapid Golgi method, a basket-shaped complex 
of fibrila can be seen round the basis of Purkinje'a cells. 

{e.) (H) The granular or nuclear layer, with two kinds of nuclei 
or rather cells. The most nunieroua are small and granular, aud 
arranged in groups ; they are stained violet by the hicmatoxylin. 
The others (larger and spherical, with a nucleolus) are the nurlei 
of small ganglionic nerve-cells. Th«y are stained reddish. Amongst 
the grannies may be seen meduUated fibres stained reddish. 

The more recent methods of Golgi and E.ani6n y Cayal show 
that these two kinds of cells correspond to nerve-cells. The 
small cells have an axia-cylindcr and several protoplasmic pro- 
cesses, while the large cells in some respects resemble small 
Puvkinje's cells. 

4. Blood- VesselB of the Cerebollnni. — These are injected when 
the blood-vessels of an animal are injected from the aorta with a 
Berlin-blue or carmine-gelatine mass. Mount an unstained sectin 
in balsam ( L and H). 

('(.) Observe the vascular pia mater sending at intervals long or 
medullary branches through the cortex to the medulla, and short 
or cortical branches which break up into a rich plexus of capil- 
laries in the cortex, so that the latter is far more vascular than the 
white matter. Each vessel is surruunded by a perivascular lymph- 
space. 

CEKEBBUM. 

Methods. — Hai'den it in the same way as the cord and ccreboiluni. 
For Golgi's niethoiis (p. 345). 

If We igert's method is used, the sections niust remain for tweuty- 
four hours iu the hiematoxyhn solution in oriler to see the |>lcxiis of 
metlullated fibres in the superficial layers of tlie cnrtcx, and three 
hours for the fibres which ascend between the pyramidal cella of 
tlie cortes cerebri, 

5. V.S. Cerebrum. — Make V.S. through the central juirt of the 
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brain of a siiinll animal. In the case of a human brain, select the 
aaceniling parietal or ascending frontal convolution. Make V.S. 
either by freezing or in paraffin after staining in bulk in borax- 
cannine. Other sections may be stained in aniline blue-blaek, and 
all are moi)nt«d with balsam. 

With the naked eye observe the shape of the convolution, the 
grey matter outside, of a certain thickness (^-J in. thick), and 
deeply stained and inside it the white matter less deeply stained. 

(L nd H) (a ) Ob e the white matter, composed of medul- 
lated fib s, w th 1 ocyte here and there between them. 

(fi ) Outs de th th g y matter, composed of several layers, 
rec<^ sed by th it ng m nt and shape of the cells present in it. 



n 



i'. 






, Carnilue, 




It will depend very greatly upon the plane of the section whether 
the student sees all the layers in any single section. They are 
usually in a five-layer type, but the relative thickness of the Jayeia 
varies in different parts of the cerebrum. 

A. Arrangement of Nerve-CeUB. 

(e.) The layers from the surface inwards are ; — 

(i.) The narrow outer or Jimt layer (or finely-granular or mole- 
cular layer) consists of a network of fibrils with a very few small 
cells. Chiefly neuroglia cells, mostly vertical to the surface. 

By Golgi's method, it can be shown to contain a layer of medul- 
lated fibres just under and parallel to the pia, and also some 
branched non-medullated fibres. It also contains a few small 
nerve-cells with two or more axis-cylinder processes. The latter 
details can only bo detected in a preparation made by Golgi's 
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method. In it may be seen sections of blood-vessels passing from 
the pia. 

(ii.) The second layei\ or layer of small pyramidal cells, is usually 
narrow, with several rows of small pyramidal cells, the peripheral 
processes of the latter pointing towards the surface of the convolu- 
tion. It passes gradually into 

(iii.) The third layer, or layer of large pyramidal cells, which is 
much thicker than the others, and contains large pyramidal cells, 
each with a peripheral process, which can sometimes be traced 
outwards for a considerable distance. The axis-cylinder process 
gives off several collaterals, and can be traced into a medullated 
fibre of the white matter. The cells, however, may be cut obliquely, 
and then they appear triangular. Usually the cells are larger in 
the deeper layers, and become smaller in the outer layers. 

(iv.) The fourth layer, or layer of irregular or polymorphovs cells. 
This is a narrow layer of small, usually angular but irregularly- 
shaped cells. They lie between the nerve-fibres which pass into 
the cortex. In the motor areas of the frontal and parietal convolu- 
tions large pyramids arranged in groups or nests may be found 
between these cells. 

(v.) The fifth layer, or layer of fusiform cells, also a narrow layer, 
with a few fusiform cells with nerve-fibres between them. This 
layer abuts on the white fibres of the medulla, and may in some 
regions be fused with the previous layer. In the grey matter 
superficial to the island of Reil, it exists as a separate layer consti- 
tuting the claustrum, 

Not unfrequently in bichromate and chromic acid preparations, 
the place of the pyramidal cells is partly rei)resented by clear 
spaces, produced by vacuolation of the cells. It is by no means 
easy to distinguish a nerve-cell from a neuroglia-cell in the cere- 
brum. Usually the glia-cell nuclei are smaller. Between the rows 
of cells may be seen fine longitudinal striation, indicating the exist- 
ence of nerve-fibres in the grey matter. 

The structure of the cortex is not identical, although similar, 
throughout. In the motor areas especially, i.e., in the ascending 
frontal, ascending parietal, and part of the marginal convolutions, 
the pyramidal cells are usually larger than in those areas which are 
described as sensory — e.g., the occipital, temporo-sphenoidal, or even 
in the anterior part of the frontal. 

It is advisable, therefore, to provide the student with sections 
from these different areas. There is no abru])t transition between 
one type of cortical structure and another. 

B. Course of White Fibres in the Cortex Cerebri. — This cannot 
be made out in sections prepared as above. All that can be seen is 
that fine strands — radii — of medullated fibres pass from the white 
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centre at intervob into the grey matter, and nm outwatdB as 
t)ie<t)dtary ray» between the neive^ells. Bf other methods it can 
be shown that some of them become continuous with axis-cylinder 
processes of the pyramidal and polymorphous ceUa, while, as shown 
in fig. 331, others end in free arborisations. Tracins the fibres the 
other way, i.e., as axial-cylinder processes of pyramidal cells, it has 
been shown by other methods that some of them — chiefly from the 
large pyramids of the motor areas— pass into the white matter, 
enter the corona radiata, and pass through the inner and anterior 
two-thirds of the posterior division of the internal capsule to enter 
and form the pyramidal tracts. They constitute the projection 
fibres, and end in free arborisations in relation with the multi- 
[lolar nerve-cella of the anterior cornu of the grey matter of the 
cord. 

The so-called commiSBural or callosal fibres, which join opposite 
halves of the brain, puss into the corpus calloaum either directly or 
by collateral fibres (fig, 33 1 ) and pass to tlie opposite side to end as 




free arborisations in the grey matter there (fig. 331,/). Others are 
said to join the antero-posterior fibres (fip- 331, B) or aSBociatidn 
fibres, which run between grey matter in different parts of tlie same 
hemisphere. 

6. V.S. Middle Frontal Convolution (fig. 328). — Compare this 
with that from a motor area, and note the absence of the very large 
pyramidal cells. In the gyrus hippocampi or uncinate gyrus there 
ore other peculiarities, its grey matter consisting of numerous 
conical cells with very long processes. It is hardened in the same 
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way. The peculiar shape of the cells in this region is heat shown 
by tliu "doiihle-ijnpregnutioii" inetlioil uf liiim6n y Cayal {p. 222). 

7. Blood-Veasela of the Cerebrum (L and H). — Make rather 
thick sections of an injected hrain, and niouut them in balsam. 
They are heat embedded and cut in paraffin. The whole head 
should be injected from the aorta. 

(a.) (L) The larger veesela in the pia mater send into the eerobrnl 
cortex two seta of arteries r tlioae that perforate the grey matter 
and proceed to supply the medulla — the long or medullary arteries ; 
and a more numeroua, shorter set, that raniify chiefly iii the grey 
matter — the short or cortical arterlM. The grey matter is much 
more vascular than the white, and the vessels are surrounded by 
])erivascular sheaths {fig. i^g). 

(f/.) Study the arrangement and relative vascularity of the capil- 
lary plexus in the cortex. At the surface it is less dense, and it is 
most dense in the region of the lai^ pyramidal cells. 

The best resume of the researches of Golgi, E. y Cayal, and 
KiJlliker is given by Waltleyer,! whose papers contain numerous 
woodcuts ahowiug not only the histological results, but their bearing 
on phy^ological problems. 



ADDITIONAL EXERCISES. 

8. Cerobellmn in OEmfc Acid. — Flaoo very small iiiecea oF tha grey matter 
(1 mm. oubes) in I prT cent, oamic acid (24-48 hours) aa recnnimeixled fur the 
cetcbnim (Lessuii XXXI. 13). Wash iti water aad hanten ill alonliol. In the 
suctions noto the medullateJ flbroa in the granular layer, but uotiB i>r thtm 
pass into the onter layer of the corlex. 

S. Cerebellum in EhTlioh-Biondi's Fluid.— Staia sections in tiiia fluid as 
directal under Sjiinal Cord (I^ason XXX. 13) and mount in balsam. The 
onter btbj layer and the medulla are red, the ^anujar layer violiit. In Hie 
latter can be seen the two kiixla of cells, one stained red, the other violet, 

10. Pttxkinje'* CellB by Oolgi's Melliod (p. 344),— (o.) The easiest method 
is tho slow silver nitrate one (p. 344). If the preparation ia sneceisrul, one is 
rcwArded by the beauty of the prepairation. It is almost imposaihle to 
roprodnce the complexity of the procesaes of Pnrkinje's cells [fig. 330). Tliey 
are atained bhiut, the nerve-fibres may oT may not be stained. The aections 
are nioDnted ia balsam tnilhout a cover-glass. The much-branched proto- 
plasniic processes, or liendriics, are shown in fig. 3J0, A, as they ap[iear when 
a sectioa ia made across the laiuiiiie, and in B when the section ia in the 
direction of tlio kminte. The dendrites do not sunstoniose with each other, 
andalllir in one iilane in the transverse directiou of the T ~ 

(6.) ribre» in C " " 

n>-thod of Golgi a 
irily ii 
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to the a bonSB 
t on of fib B9 p oceed Dg 
f on the n ed lla— c 
fibres wh ch do ot ter 
nate u t) e ella of 
1" lunjB 6ome of the 
cells of 1 e granular 
Kyer are rve c Us w th 
p oto| laam and axis 
cjl nder p oeess 3 The 
small ner e ells Iv fur 
the uoat E 
axis cyl uder proi 
Hi oh run out nt. . 
molecular kjer where 
they divide aud becoms 
s with a Hbre 
runaing a ^ ^ 

to It. In the molecular 
layer there is nn arrango- 

t. Seen niog more or less parallel 
to the surface of the 
leaflets and joined here 
IS cylinder processes of the uerve cells oE the granular 
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layer already dsBCribcd. If the cerebellar lamina be eat in a dirci^tion tranit- 
va'rse to tlie courne of Ihese fibres, then tliey msrcly appear aa bkck dots. 
My experience leada me to believe that this system ia I>e3t demanstrated by 
the rapid Golgi meChod. 

U. Oerebrnm b; Oolgl'B Method (ace Lesson XXX. 19).— Do the a 
for the eoni and rarabelluin. Eillior the AgNO, or HeCl, methods may l» 
adopted. In the latter case the best results are obtaiucd by keeping the por- 
tioDi of the brain for mouths iu the luerearic-Ghlorido 
Bolntion. 1 liavo usually got aood reaults with the 
brain of the rat or rabbiL In nil cases mount tbe sec- 
tions in balsnm withmit a cover-glass. In new-born 
unimala better results are obtained — especially with the 
rapd method (oamico-bichroQiate method, p. 345) — than 
with adaU braios. Fig. 3]! ahowa some of the results 
which may be obtained in a T.8. of the brain of a nuw- 
born rat. Tlie results bavo been piocwl together from 
a stndy of many sections. 

By tbe rapid Golgi method it is easy £0 obtain beauti- 
ful preparations shonin^ the pyramidal cells of the 
cortei ivith their apicnl, lateral, and asis-tylinder pro- 
cesses ; iu fact, 1 have often obtained such in the 
superficial section.i after a few hours' immersion in 
sUvernitrale. Forthecormi niiimoiiiBrellH the donble- 
impregnution method of 11. y Ciijiil is cxrcllent. Some- 
times, hoiTever, DnegBts the liluud-vi-HM'lN stained. 

12. Ceiehrum by Weigert or Weigert-Pars Method 
(see Lessou XXX. 1). — This luethad reveals the CKist- 
encenf medullnted fibres in the cerebml cortex arranged 
acconling to the scheme shown in fig. 332. 

^t tbe luwer pait of the grey matter a large number 
of fine Diedullatei! niTve-tibreB enter it— radii — whicli 
mn outwards in the coTtexaamedullaT^ rays. Between 
the Intter is an ivicr-radial plexus, and above them is 
a »«/»rn-»^MlJ plexus, and quite under the pia are tan- _^ 
gential fibres. On the boundary-lino between the supra- ( 
radial plexus and the inter-radial plexus is a wiiite > 
stiipe, visible to the naked eye, especially well marked ] 
in the cunens. It liaa been called the stripe of Gennari, I 
Baillarger, and also of Viea d'Azyr. ( 

13. Mednllated UTerve-Hbres m tbe Cortex Cerebri. < 
— Place very 8ni*ll pieccBofthe outer part of the cortex | 
in I ivr cent, oamic acid (34 hour«). The pieces must 1 
lie black throngliout. Make thin sections, place one t 
on a slide, add a drop of ammonia ; the «oction swells J 
up and the mrdullated iibree become distinct. Expose , 
the section to the vapour of osmio acid, t.i;., place the ii 
section on a glide over a glass thimble filled wiih osmic 
acid and raver the whole with a bell- jar. After half an I 
"fixation" is complete. This is Exner's method ns moili 
Preserve in glvcerine. Observe the narrow mtiiullated iier 
the nerve-cells"; the nuclti only of the latter are distinctly so 

HypophyiiB Oerebrl or Pituitary Body. 
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an inflexian of the embryonic mucous membrane of the mouth. Harden in 
Miiller's fluid, stain sections in picro-carmine, and mount in balsam. Observe 
sections of closed gland-tubes or alveoli almost completely filled with cubical, 
somewhat granular, or clear cells. A lumen is rarely visible. The communica- 
tion between the mouth and the lower part of the gland is cut off in the pro- 
cess of development 



LESSON XXXII. 
THE BYE. 

Methods. — (i.) Enucleate the eyeball of a rabbit or cat ; remove 
any adhering fat and muscles. With a sharp razor make a single 
cut at the equator of the eyeball, and suspend it in 200 cc. of .25 
per cent, chromic acid. After twenty-four hours cut the eye into 
an anterior and a posterior half, and place them for several days in 
new fluid. Wash and harden in the dark in gradually increasing 
strengths of alcohol. The eye hardened in this way may be used 
for preparing sections of some of its parts. 

(ii.) Harden the other eyeball for two or three weeks in Miiller's 
fluid, after cutting into it in the same way as above. Complete the 
hardening in alcohol. It is well to have sections of the cornea of 
several animals, e.g.^ the pig and ox. 

THE GOENEA. 

Make V.S. from a cornea hardened in Mtlller's fluid or Flemming's 
fluid. Stain with picro-carmine and mount in Farrant's solution, 
or in hsematoxylin and mount in balsam. Stain the one fixed in 
Flemming's fluid with safranin. A good method is to stain it in 
bulk in borax-carmine. Eosin-haematoxylin is a good stain. 

1. V.S. Cornea (L H.). 

(a.) Observe the anterior or conjimctival epithelium, consisting 
of several layers of stratified epithelium. The most external cells 
are flattened ; those of the middle layers are more oval or rounded, 
many of them with finger-shaped processes dipping down between 
the deeper rows of cells. The cells in the lowest layer are columnar, 
and placed perpendicularly upon the cornea, resting on (b) 

(fig- 333)- 

(b.) The narrow, clear, transparent layer — anterior elastic 

lamina ; this is best marked in the human eyeball. 

(c) The BubBtantia propria, or body of the cornea, composed of 
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layers of tranaparent fibrous tissue arranged in lamiiiffi. The 
lamitwe, while arranged in the main parallel to each other, have 
connecting processes joining adjacent laminte. Between the laniinie 
oval spaceB, and in each space a nucleated CDmea corpuHcle (fig. 
333, e), which, ae seen on edge, is thin and flattened. The processes 
of these corpuscles are hest Been in gold specimens. 

(d.) The posterior elastic lamina, or membrane of Descemet, 



i well-inarkcd, thin, tranaparent, hyaline 
defined outlines, and covered posteriorly by 

(a.) The posterior epitheUum, consisting of a Ki. 
large flattened nucleated cells, seen in prolile. They 1 
displaced if the section be roughly Laudled. 

If the posterior elastic lamina l>e hroken across, it 
up. It stains readily with 



^ith sharply 



iglc layer of 
re apt to be 




rnrnusrleii, nn'1 a roH 
Fibrils LtFroB. Cnld cbliirldu. 



2. Nerves of the Frog's Cornea. — In a pithed fctig, si^ueeze the 
head to make the eyeball project, aiid with a sharp razor cut off thu 
cornea. Wash it in normal saline, treat it with gold chloride by 
the lemon-juice method (p, 79). 

After impregnation with the gold solution, with aciasora moke 
three anips into its margin, dividing it into three sections, so that 
it may lie flat on a slide. Mount in Farrant's solution. 

(«.) (L and H) Observe the branching cornea corpuscles, 
arranged in many layers, one under the other, readily seen hy 
raising or depreaaing the lena (fig, 334). The niimeroua proceBaea 
given off from the cells anastomoae with similar proceaaes from 
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adjoining cells, not, only in the same plane, but with cella lying in 
plan«a above and below them, 

(6.) The NerveB. — If a part of the sclerotic is adherent to the 

cornea, the tine nieduUntoil ncrve-fibrus, deeply stained, are seen in 

the sclerotic and passing 

into the cornea when, 

they Iise their mjeliii 

and become non niedul 

lated The larger non 

medullated fibres have 

nuclei m them anl unite 

witli other fibres to form 

-_ a coarse plexus — the 

ground or primary nerve 

~ "i^ZLi^- plexuB 

/ (c ) From th s plex a 

' finer b ndles of hbr Is 

___ I roceed to form a finer 

3!.— 3aij-EpltheIi»l Kerve-FIeiUB a [ lexus nd fro n the 

SEX;a'"N,™e.flbrtri1oc""' " ' 1^*^^' « « CM"S flbr Is- 

often V, th var cose s vel 
lings — running chiefly in the planes of the laminee are seen 

(d.) (H) Fine fibrils are seen n the larger branches of the non 
inecluHateil iiervoa (fig. 335). 

If the cornea of a rabbit be use 1 tl en ta gent al tl o sections 

nust be maio and mo nted 

^-■^^-^FTJKfc-^^?^^' -^ 3" Farrants solutoi or 

Dunation of the Nerve- 

, Fibres— The ornea of a 

^ ' bh t IS sta ned in i per 

"~ cent gold chlor de (25 30 

n n te ) a 1 redu ed in 

si gl tly oc Julated ator 

{acetic acid) by exposure to 

light (p. 79). Tlie lemon- 

Fio 33«— v* Cornea ofFrog n Nsrve ab™> juu,e and formic-acid method 

epithelial pleiuB or flbrtlt Gold ihtoride must not be used, as the 

formic acid removes the 

epithelium. Make V.S, either by freezing or free hand and mount 

them in glycerine (L and H). 

(a.) Observe sections of the lamellte and corneal corpuscles, and 
between these, parts of the primary nerve-plexus cut across, more 
or less obliquely, the branches being finer towards the anterior 
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e]a§tic laminit. Bundles of fine fibrils — tho rami perforantes- 

[lerforate this iiiembraiio ami apread out under the iinterior 

thelium to form the Bab-epithelial 

plexus, from wiiich librils proceed to 

form a jdexus of fine varicose fibrils — 

the epithelial plexus — between the 

epithelial cells, where they termin.ite 

in fine poinls, forming no eonnettion 

with Mieeial end-organs (fig. 336). 

4. Cell-Spaces in the Cornea (Silver 
Method) (L and H), — Pith a f roy, scrape 





^ 



"^ LiiiiitUig layer. 

Plgmont layor nf rolfii*. 
tuudIb: p. tlgmont-pelli: 



;. T.S. uf cipllluiei, 



a cornea eor|ni8cle (fig. 337). Tlio branches of ndjoiiiiiif,' apacea 
aiiaBtomose, so aa to form a Ryatcm of juice-canals, not only with 
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j)lan<?, but also with the spaces 



[xxxn. 

I lower and 



•paces iu the c 
deeper planes. 

5. Iron Sulphate Hethod (Lesson XI. 13).— The matrix is blue 
and the spaces ore clear and not stained. 



THE SCLEBOTIG, CHOROID, AITS CILIAHY KEGIOH. 

ft Sclerotic and Choroid (LH.). -From an eye hardened in 
Miillcr's fluid and sbtined iu bulk in bornx-carmine cut sections in 
jmrallin to include the sclerotic nnd choroid. Observe — ■ 

(i.) The sclerotic (fig. 338). (n.) Composed mainly of bundles 
of white fibrous tissue crossing each other in several directions. 




(h.) A narrow layer, the lamina supra-choroidea. 
(2 ) Inside this a section of the choroid composed of the foUow- 
in<t layiTs from without inwards — 

(a.) Layer with krge vessels and numeroiis briinched pigment- 

ci'lla. This forms by far the Unckest layer. 
(i.) limiting layer. 
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(c) The chorio-capillaris, containing numerous sections of capil- 
laries. 
('/.) A baBement or hyaline memlirane. 
(a.) Pigment-cells containing melanin. 

7. Pigment-Cells of the Cboroid (LH.). — From t!ie inner cho- 
roidal surface of an eye hardened in Miiller'a fluid or Bpjtit, scrape 
off a little of the black pigment layer and mount it in balsuin. 

(o.) Observe the branched pigm.eiited cells, filled with brown or 
black granules of melanin. The nucleus contains no piftment 
granules. If the granules be discharged from the cells aiid float in 
a watery fluid, they exhibit Ilrownian movement. The niieleue 
stains residily ivith li»matoxylin. 

8. Ciliary It^on, Cilifuy Muscle, and Iris.— Make a meri- 
dional section through the conieo-soleral junction of a hardened eye 
(Miiller's fluid), e.g., of an ox, cat, or rabbit, bo as to include the 
ciliary musclo and the iris. Stain the section in hcematoxylin or 
oosin-hEematoxylin, and mount in balsam ; or it may bo stained in 
picro-carmine and mountrd in Farrant's solution. To preserve all 
the ]iarts exactly in position cut it in celloidin, or stain in bulk and 
cut in paraffin. Fix the sections on a slide by a fixative. 

{a.) Observe the cornea passing into the sclerotic, and near it an 
opening, the canal of Schlemm (fig. 339). 

(h.) From the angle of the iris and cornea, running in a fan- 
shaped expansiun, the mdiatiiig fibres of the ciliary muscle, con- 
sisting of non-striped muscle. Th* circular fibres cut Iransverscly 
inside the radiating fibres are not so well niurked as in the human eye. 

(r.) Tlifl membrane of Deacemet splits up into fibres, some of 
which curve into the iris, others spread into the ciliary processes. 
This region constitutes the ligameotnm pectinatum indls. 

(d.) The pigmented folds or ciliary processes. A layer of black 
l>ij,'mentr*ells continuous with those of the retina continued over 
these processes, and inside the pigment a cleiir unpigmented layer 
of columnar epithelium. 

(e.) The iris, composed of five ]a,yer8 from before backwards. 

(i.) A layer of euiiolhelmm coiitiiiuoua with that covering the 
posterior surface of tlio cornea (fig. 339, c), 

(».) The iinterior hijundary laijo; chiefly consisting of branched 
connective tissiie-cells. 

(3.) The vagi^ar layer, or body of the iris, composed of a stroma 
of connective tissue with numerous sections of blooil-vesaels and 
branched pigment-cells, and at its deeper part transverse sections of 
the circular smooth muscular fibres, which constitute the circular 
muscle or s/jhineter j'Uin/Jie of this orgnn. It is doubtful if a 
dilator pupillie exists in man. 

(4.) The iXMiterior hyaline lai/'-r, of an elastic nature. 
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(5.) Two layers of pigment-cells — the usea — the outlines of the 
cells iliHicuIt to define, and continuous with the epithelium of the 
pars ciliaris retinae. 

(6.) Blood-Vessels. — A lai^e number of blood-vessels and nerves 
pass into the iris, but their distribution must be studied bj the 
methods already described for such purposes. 

THE LENS. 

Tlie lens is developed by the inflection of part of the epiblaat, so 
that it consists of modified epiblastic epithelial cells invested by a 
transparent capsule. The capaule of the lens is a clear trans- 
parent elastic membrane, not urtlike a basement membrane, b«t is 
less resistant to aeids than tlie latter. Immediately on the inner 
surface of its anterior part is a lavcr of clear flattened epithelial 
cells— hexagonal and nucleated — the remains of the original cells. 
Tracing these cells towards the margin of the lens they become 
narrower and more cylindrical, until further on they gradually pass 
into lens fibres. Posteriorly there are no epithelial cells between 
the lens and its capsule, the lens fibres restiDg directly on the 
capsule itself. The lens fibres are modified epithelial cells, the 
fibre constituting the principal jiart of the cell. The cells are long, 
soft, hexagonal prisms united to each other by more or less toothed 
edges. The superficial fibres ore longer and lai^er than the deeper 
ones, and contain, or have on their surface, nuclei lying ou the part 
that corresponds to the equatorial (nuclear) zone of the fibre. No 
nucleus is visible in the central fibres. 

9. Methods,— llarden in its capsule, the lens of a cat or rabbit, 
in Miiller's fluid (2-3 weeks) ; do not place it in spirit, but cut it 

in a freezing microtome, or cut in cel- 
loidia Paraffin is not suitable. Stain 
the sections in eosin and mount in 
Farraut's solution. Make meridional 
and equatorial sections. 

T.S. Lens— (a.) (L.H.)- — Observe 

he hyaline ca/)8ale — if present— and 

just under its front part a layer of 

) epithelial cells, which, when traced 

r outwards, are seen to rapidly elongate 

' into lens-fibres (p. 364). Nuclei may 

be seen on some of the fibres, 

(i.) T.S. of the fibres are hexagonal 
(fig. 340, B). 

10. Isolated Lens Fibres— Methods.— (a.) Place the lens of a 
ri'g or fish in a 10 per cent, solution of sulphocyanido of potas- 
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sium (24-36 hours). Tease out a fragment of the softened lens in 
glycerine, (h.) Or use dilute sulphuric acid (4-5 drops to 5 cc. of 
water for 24-36 hours). Wash in water to remove the acid. Stain 
in carmine or hsematoxylin. (c.) Methyl-green feebly acid, does well 
for fresh-teased fibres, but the preparations do not keep. The 
nuclei on the fibres may be seen in this preparation. 

(H) (a.) Observe the flattened bands with serrated edges; the 
teeth dove-tail into each other. The teeth may be seen from the 
side or directed to the observer. 

EETINA. 

Methods. — (i.) With a sharp razor cut the eye of a cat, rabbit, 
pig, or other animal into an anterior and posterioi? half. Place the 
posterior half in 2 per cent, potassic bichromate, or in a mixture of 
Miiller's fluid and spirit (two weeks), and complete the hardening 
in spirit. 

(ii.) Stain "in bulk" in borax-carmine for several days the 
whole posterior segment of the hardened eyeball, then place it for 
a day in acid alcohol, and embed in paraffin and cut sections. Per- 
haps celloidin is to be preferred if the sclerotic be thick. Fix the 
sections on a slide and mount in balsam. In this way the whole 
structure of the retina is preserved in its relations to other struc- 
tures. 

(iii.) The same process may be adopted with the posterior seg- 
ment of the eyeball hardened in i per cent, osmic acid. 

(iv.) Harden the retina in a 3 per cent, solution of nitric acid 
( 1 5-20 mins.). Wash out the acid, stain in bulk, and make sections. 
Stain with eosin and methylene-blue. 

(v.) For small eyes, such as those of a lizard, it is sufficient to 
expose the whole unopened eyeball to the vapour of osmic acid for 
several hours, and then to stain the eyeball in bulk in borax-carmine. 
Embed in paraffin and cut sections of the whole eyeball. Or, expose 
the eye of a frog or triton to osmic acid vapour (10 mins.). Place 
in 40 per cent, alcohol (4-6 hours) ; divide eyeball by incision 
parallel to edge of cornea ; bichromate of ammonia (3 per cent.) for 
5-10 hours; wash in water; alcohol; borax-carmine; embed and 
cut in paraflia. 

(vi.) Make sections of an eyeball hardened in Mliller's fluid and 
stain them in eosin-haematoxylin. The latter stains the granular 
layers of the retina, while the other parts are rosy in tint. 

(vii.) Methylene-Blue Method. — This is done either by injecting 
methylene-blue (i in 300 normal saline) into the blood-vessels of an 
animal just killeid, and waiting two or three hours thereafter, or by 
placing the fresh retina in the same fluid and observing with the 
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tuicroacope the coloration of the nervous elemeats, especially the 
cells in the retina. Mount in piciate of ammonia and glycerine (p. 

■9")- 

11. V.8. Betlna. — (L) Beginning from within, i.e., next the 
vitreous, observe (fig. 341) — 
(a.) The internal limitiiigmembraae, 

and springing from it by wing-shajMHl 
expansions the fibres of MiiUer, which 
run vertically outwards through the 
layers of the retina to the outer limiting 

(6.) The fibrous layer, composed of 
the non-medu Hated fibres of the optic 
nerve. The fibres are meduUated in the 
optic nerve, but they lose tiieir medulla 
as they enter the retina. Tlie layer is 
thinner in the anterior part of the 
retina. Some of the nerve-fibrea end 
in the ganglionic cells of the next layer, 
but others pass outwards to the inner 
molecular layer to end by terminal 
arborisations there (shown by Golgi's 
method). 

(c.) The gaogliouic or nerve-cell 
. layer, consisting of a single row of iai^ 
multipolar nfrve-celts, each cell with a 
hrge conspicuous nucleus. Each cell 
i gives off (i.^ one thick process, which 
«n. «« w..», -, p ^.^f mny divide into several processes which 
bnn«i'"nb.'"£ucie['"i'ra<^i l^tss towards and ramify by terminal 
j^. Buitinlexiia; ABipoinr arborisations in the layer external to this, 

cell*; Bu. UiifiKJ«T cell! ; 61. , ,.. , j, i ,. , ^ 

intcmii bsBi ueii* 1 fw. Cere- aiid (ii.) One fine axis-cylinder process 
,,_., „. .^ e^^Muitipoinr towards tho optic nerve-fibiw layer, 
he Initial! where it becomes continuous with a 
nd'oonei^ iicrve-fibre. Between the nerve-cells, or 
1 'niideM '" '^'■'^^ relation to them, sections of the 
c.Ceiiuiar larger blood-vesscls. 

..,. yer. ^^^ J -j^g internal molecular layer 

appears to consist of fine fibrils or 
granules. It is not unlike the grey matrix of the cerebrum, and is 
traversed by the fibres of Miiller and also by fibres of the optic nerve, 
and processes of tho cells of the ganglionic and inner granular layer& 
{e.) The internal nuclear layer, deeply stained, and consisting 
of several rows of large spherical oval nuclei. 

Some of the granules, however, by other methods can be shown 
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to be bipcdar cells with largo nuclei. The processes extend into tlie 
inner molecular liiyer anil end in arbotiaition, and by Golgi'a method 
the oiiposite processes have been, traced outwards as far as the 
sxtemal limiting layer. Other branched cells supposed to resemble 
neuroglia cells lie amongst these cells. 

(/) The outer molecular layer is thin, and is composed of the 
terminal arborisations of processes from the rods and cones and 
inner granular layer. 

((/.) The exteiml nuclear layer consists of many more rows of 
nuclei than in {'■). They are the nuclei of the rod and coue fibi'es. 

{/'.) Tlie external limiting membrane, cut across, and tberxfore 
appearing as a tliin cleuii-ciit line. 

(1.) The layer of rods and conee, Tlie rods are more numerous 
than tho cones, and the lattJir aro shorter than the former. E^li 
rod and cono consists of an outer and an inner aegnioiit. 

(J.) A layer of hexagonal pigment-cells, soniewhat flattened, 
which sends pigmenteti processes or filaments between the nxia and 
cones. The length and condition of these processes dejieuds upon 
the influences to which the eye has been exposed before death 
(p. 370). The pigment gmnuIcB, some of which are crystalline, 
exist chiefly in the inner part of the cells, and may extend into the 
cell processes which pass between Uie rods and cones. 

(H) Study the successive layers. Althougli the layer of rods 
and cones and external nuclear layer have been described as 
separate layers, in reality they should be studied together. Each 
rod is continued inwards by a tapering fibre — the rod-fibre ; in the 
course of the latter is an oval nuclous, the fibre itself ending in an 
arborisation in the outer molecular layer. Each cone is similarly 
prolonged into a ccme-fibre — thicker than the rod-libre — which also 
has an enlargement in it containing a nucleus. The cone-fibre ends 
like the rod-fibre in the outer molecular layer. These two kinds of 
nuclei intercalated in the course of the rod and cone fibres make up 
the external nuclear layer, which as the rods and cones are merely 
modified epithelial cells — must !>o regarded as epithelial in their 
origin. In a fresidy-teased retina the nuclei of the rod-fibres are 
marked by alternate transverse light and dim strijirs. 

Each rod and cone consieta of two segments. The 'luhr uBi/menl 
of the rods is clear hyaline and tranejmrent, and striated trans- 
versely, and readily breaks up into transverse discs. During life 
the external segments of the rods contain the visual purple. The 
inner ee/jmeut is wider, granular and striated longitudinally. The 
eoneg also consist of a shorter tn]>ering outei- neiimnfU transversely 
Btriated, and an inner bulging largr'V, longitudinally striated, segment 
which is continued thruugb tlic cxteniid limiting membrane into 
tlie cone-fibic. 
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The outer segments are stained black by osmic acid, and the 
inner segments red by carmine. 

Study successively the other layers to make out some .of the 
details already described on p. 366. 

12. Betina of Prog. — (i.) Place the posterior segment of the 
eyeball, with its vitreous humour removed, in i per cent, osmic 
acid (24 hours) ; wash well, and tease a fragment of the now 
blackened retina in glycerine. Observe 

(a ) ITie rods, each with an outer and 'inner segment ; the outer 
segment, however, is blackened by the osmic acid, and usually 
shows a tendency to split transversely. 

(k) In the cones there is a small refractive oil globule between 
the outer and inner segments. It first becomes brown, and then 
black, in osmic acid. In some animals, e,(j,, some birds and 
reptiles, the oil globule is pigmented, the pigment being held in 
solution by the fat of the globule. 

(c.) Numerous pigment cellSy each consisting of a rather thick 
body, part of which contains the nucleus and is non-pigmented, 
while the other half is pigmented, and sends numerous fine pro- 
cesses between the outer segments of the rods. 

(d.) Other parts of the retina are also isolated, €.^., the nuclei of 
the nuclear layer and the limiting membranes. 

(ii.) Fix the whole eyeball in osmic acid, and make V.S. of all 
the coats after embedding in paraffin or celloidin. 

13. Cones. — To see large cones, place the fresh eye of a cod in 2 
per cent, potassic bichromate (2-3 days) or osmic acid (24 hours), 
or isolate them by dilute alcohol. 

14. T.S. Optic Nerve (L and H). — Place the optic nerve in 2 per 
cent, ammonium bichromate (2-3 weeks) or in Flemming's mixture 
(10-20 hours). Make T.S. Stain in hiematoxylin, picro-carmine, 
or safranin, or by Weigert's method. Mount in balsam. Double- 
stain some in picro-carmine and haematoxylin. 

(a.) Observe the sheaths, thick and well-marked, sending septa 
into the nerve, and thus breaking it up into small bundles of nerve- 
fibres, each surrounded by a fibrous sheath. In the larger septa 
are blood-vessels. The anastomosing septa form a kind of alveolar 
system, so that a section of this nerve is readily distinguished. 

{b.) The nerve-fibres are all medullated, but they possess certain 
peculiarities. They are without sheath of Schwann, and the 
fibrous tissue runs parallel with the nerve-fibres. 

(c.) As to the sheaths, one is continuous with the dura mater ; 
under it is a space, the subdural space ; inside is a prolongation of 
the arachnoid with subarachnoid space, and a thin continuation of 
the ]na mater. 

If desired, make L.S. This enables one to note the structure of 
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the nerve-fibres and the arrangement of the connective tissue. An 
interstitial injection of osmic acid is a good method for isolating the 
structural elements. 

15. Blood-Vessels of Eyeball — It is not difficult to inject from 
the aorta with a carmine-gelatine mass the blood-vessels of the eye- 
ball of an animal. Select an albino rabbit. Sections are mounted 
in balsam. One-half of the injected eyeball of an albino rat 
mounted in balsam shows the connections, distribution, and 
arrangement of the blood-vessels. 

16. The eyelids. — Harden the eyelids of an infant in corrosive 
sublimate or .25 per cent, chromic acid (3 or 4 days) and then in 
alcohol, or in alcohol alone. Make sections, vertical to its surface 
and transverse to its long axis, which must be rather thick, and 
mounted in balsam to show .the general arrangement of the parts. 
Finer sections are stained in haematoxylin or picro-carmine. Be- 
sides the sections of hair-follicles, connective tissue, and orbicularis 
muscle, note the Meibomian glands. 



ADDITIONAL EXERCISES. 

17. Fibrils of Cornea. — (a.) Macerate the cornea in lime-water, baryta- 
water, or dilute potassic permanganate, {b.) A better method is to diy the 
cornea, make T.S., allow them to swell up in water, and stain with picro- 
camiine. 

18. Epithelium of Lens. — Use a small lens (frog or rat), and ))lace it fur a 
few minutes in AgNOj (i : 300). Expose to light in glycerine, and examine. 
Note on the anterior surface (a.) silver lines bounding polygonal areas cor- 
responding to the inter-epithelial cement. . (6. ) Black granular converging lines 
correspoudinff to tlie cement between the crystalline fibres (best seen on 
posterior surface). 

19. Other Methods for the Betina. — By the usual methods of hardening the 
retina, it is impossible to make out the connections between its several elements. 
The two methods which have quite recently yielded the best results — apart 
from tlie direct use of osmic acid — are the methods of Golgi and EhrlichV 
methylene-blue method. 

{a.) Golgi's Methods. — Ram6n y Cayal has made a large number of pn-pa ra- 
tions both by the silver method (p. 344) and the rapid osmico-bicnromat«j 
method (p. 345), especially on the retina of birds. In this way he has shown 
that the proto[)lasmic processes of the nerve-cells of the ganglionic layer 
ramify in ttie inner molecular layer, and end in terminal arborisations in sevenil 
])lanes in this laver. Several varieties of nerve-cells with extensive terminal 
arborisations in the other layers of the retina are also described by him. 

Tlie following medium method gives good results : — 

(1.) Place the retina and sclerotic in weak osmico-bichromate fluid 
(osmic acid, i per cent.), 2 cc, bichromate of potash (3 per 
cent.), 20 cc, for 24 hours. 

(2.) Transfer to i per cent, silver nitrate (24 hours). 

(3.) A^aiu for 24 hours, as in (i). 

(4.) Again for 24 hours in silver. 

33 ^^ 



$yO PRACTICAL HISTOLOGY. [XXXIL 

{b.) Bffethylene-Blne Method. — DogieP by means of this method finds 
that in roan there are more nervous elements present than one has been in 
the habit of supposing. He arranges the nervous elements (in three layers) 
and other layers as follows : — 

Membrana limitans Pigment epithelium (I). 

externa. > Neuro-epithelial layer (II). 

' Sub-epithelial nerve-cells (a). ) . r^ x t • 

Stellate nerve-cells (b). i^' ^^^^ ganglionio 

^ Bipolar nerve-cells (c). 



External reticular 
layer. 



Inner reticular 
layer. 



Membrana limitans 
interna. ► 



Middle ganglionic layer. 



layer. 

' B. Layer of spongio- 
blasts of W. 
Miiller. 



Inner ganglionic layer. C. 

Layer of uerve-fibres. D. 



The neuro-epithelial layer embraces the layer of rods and cones and subjacent 
external nuclear layer. What he calls the outer ganglionic layer corresponds 
to the inner nuclear layer, and contains three varieties of nerve-cells. The 
middle ganglionic layer corresponds to a layer of cells — of which there are 
several varieties lying on the confines between the internal granular (reticular) 
layer and the internal nuclear layer. These cells were called spongioblasts 
by W. Miiller, but according to Dogiel, they are nerve-cells. The inner 
ganglionic layer corresponds to the cellular layer. 

20. Epithelium of tne Retina. — Harden the eye of a frog in picro-sulphuric 
acid (24 hours), stain in bulk in borax -carmine, and make vertical sections 
after embcddingin paraffin. 

21. Isolated Elements of the Eetina. —(a.) Macerate the retina in Schiefler- 
decker's fluid as described for the isolation of' the cells of the cord (Lesson XXX. ), 
using the sulphuric acid ratthod to remove the water. 

(6.) For Miiller's fibres 10 per cent, chloral hydrate is good. 

22. Betina of Frog in Light and Darkness.— (a.) Keep one frog in abso- 
lute darkness for thirty-six hours. Kill it in the dark, and harden the eye in 
alcohol. (6.) Place another frog in direct sunlight for a few hours ; kill it, 
and harden the retina in alcohol. Sections are made and stained with picro- 
carmine. The pigment-cells covering the rods of the retina in (a) nre 
retracted, while those in (b) are pushed out between the segments of the roils. 

23. V.S. Macula Lutea. — Secure a human eye as fresh as possible. Harden 
it, and make sections through the macula lutea, and observe the peculiarities 
of its structure. There are no rods in the fovea centralis, while the cones are 
long and narrow. The other layers are reduced to a minimum at the fovea 
centralis, but at the margins of the fovea they are thicker. There are a large 
number of ganglionic bi})olar cells. 

24. V.S. Entrance of Optic Nerve. — Make from an eyeball stained in 
bulk in borax-carmine a section longitudinally through the optic nerve to 
include its entrance into the eyeball. Observe the lamina cribrosa^ i.e., the 
felt-work of fibrous tissue of the sclerotic, perforated by the fibres of the optic 
nerve. 

25. Eye of Triton Cristatus. — Excise one eyeball, pin it to the under surface 
of a cork, and fix the cork in a glass thimole containing a little osmic acid. 
In ten minutes or so the retina is "fixed," owing to the tenuity of the 
sclerotic. Divide the eyeball into two by a cut at the equator, jdace the 
posterior half in dilute alcohol (6 to 10 houi-s), and then in picro-carmine for 

^ Archiv/, mik. AncU,, xxxviiL p. 317, 1891. 
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the same period. Fix it finally in osmic acid, embed and cut it in soft paraffin. 
The retina of this animal is particularly serviceable, because its structural 
elements are so large. 

26. Lftchrymal gland is treated precisely in the same way as the serous 
salivary glands (Lessou XXIII. ). 



LESSON XXXIIL 

BAR— NOSE. 

EAB. 



1. Membrana Tympapiii (H). — Fix it in osmic acid arid mount 
in Farrant's solution. Observe the radiate yellow-looking fibres, 
and also fibres disposed circularly, the latter best developed near 
the periphery of the membrane. The thin epithelial coverings on 
the two surfaces of the membrane can be seen, and so can a few 
fine blood-vessels. 

2. Cemxninous Glands of the Meatus. — Harden in absolute 
alcohol a portion of skin from the external auditory meatus, pre- 
ferably from a new-born infant. Make rather thick sections, stain 
in haBmatoxylin and mount in balsam. Observe the ceruminous 
glands, which in some respects are like the sweat-glands. They 
have a narrow duct and a coil, the latter lined by a single layer of 
cubical cells, and the former by several layers of cells, as in a sweat- 
gland. In the secretory part smooth muscular fibres lie between 
the epithelium and the basement membrane. The lumen of the 
secretory part is very wide, and the lining cells have a clear cuti- 
cular disc, and contain a yellowish pigment and fatty granules. 

THE COCHLEA. 

Methods. — (i.) In a freshly-killed rabbit or guinea-pig, inject, 
by means of a hypodermic syringe, osmic acid (i p. c.) through the 
meml)rana tympani into the middle ear. Cut away the lower jaw, 
so a9 to expose the large spherical osseous bulla. Open the bulla, 
cut away its walls, and expose the middle ear. On the inner wall 
of the latter are seen the turns of the cochlea. Cut away the 
surrounding parts from the osseous cochlea, and place the latter in 
Miiller's fluid (a week), after opening one of the turns, to allow the 
hardening fluid to penetrate. It is better to do this under fluid, to 
prevent air entering, as the perilymph escapes. Decalcify in chromic 
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and nitric acid fluid, and haidea in the dark in alcohol. Stain the 
softened cochlea in bulk in borax-carmine. Embed in paraffin, and 
cut sections from base to apwx of the coiled tube. Fix on a slide, 
and mount in balsam. Uso the other decalcified cochlea, stained as 
above, and cut it in celloidin. 

(ii.) The following is a better method (Ranvier), and preserves 
the finer stntcturcs in situ. Open the bulla of a ^inea-pig, and 
cut out the inner car. Make an opening or two in the turns of the 
cochlear tube, and place it in i-a ce, of i per cent, gold chlorida 
Add to the gold solution from time to time a few cc of the follow- 
ing mixture : — i per cent, gold chloride and a fourth |Kirt of formic 
acid, boil, and allow the mixture to cooL Leave the cochlea in the 
go)d (20-30 minutes), remove it, wash, and expose it to light in 




water slightly acidulated with acetic acid (1-2 drops to 10 cc. water). 
After 2-3 days hai'den it in alcohol and decalcify it in picric acid. 
Embed in gum and harden in alcohol, or embed it in celloidin 
and make sections parallel to the axis of the cochlea. 

(iii.) After removing the inner e,:r, open its osseous canal under 
osmic acid .2 per cent, and leave it in this fluid for 10-12 hours. 
Wash in water and decalcify in chromic acid, 2 per iooq. 

(iv.) After treating the cochlea with osmic acid and hardening it 
in alcohol, the following decalcifying fluid may be used : — i cc of 
a I per cent, solution of chloride of palladium, 10 cc of hydrochloric 
acid, and 1000 cc. of water. 

3. V.S. Cochlea, parallel to its axis. 

(a.) (L) The turns of the cochlear tube cut across (fig. 34a), each 
tube divided by a transverse partition — the l amina spiralis — into 
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an tipper^ — Bcala Testibuli— ami « Ihwit compartment— scala tym- 
pani ; thfi central column or modiolus ; the last is osscotia and 
contains channels for nerves and vessels. The lamina spiralis is 
partly oascnua, viz., that part next the modiolus, and partly mem- 
branous, viz., that part in-xt the wall of the coehlea ; the latter 
pitrt is the membrana basilariB. The osseous portion terminates, 
in a ereat — the crista Bpiralis — and its free end is scooped out into 
a proove — huIcub BpiralOB. 

(').) From the U]iper surface of the lamina spiralis oasea there 
s to the wall of the eoehlca a. thin membrane— membrane of 
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EeiBSner— which completely shuts off a email Hire 
rniiii Mk' »rali vrstihuli. This is the ductus cochleariB, 
cochlearis, nr scala media. It is boumlcd hy the widl of thii ci 
the niwulirane of lioiasnor — and its base is fumird by the 
jiart i)f the osseous ami tlm whole of the membninous spiral ' 
Tbe latt«r is callml the basilar membrane. Tiiiit cavity 'c 
a fluid, the cudolymph, and itito it pass the coch lour hraDcti(>! 
auditory nerve to end in a complex structure — organ of ( 
which rests on the basilar membrane. 

(c.) Hoto in tlie scala media a uienihrune — membrana t 
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— which arises from the lamina spiralis ossea, and spreads over so 
as partially to cover the organ of Corti. The organ of Corti con- 
sists of two rows of pillars — inner and outer — the rods of Corti — 
which meet above, forming arches, and leave a three-sided tunnel 
between them. Internal and external to these are rows of cells, 
some of them provided with fine bristles — hair-cells — constituting 
the cells of Corti and Deiters. Some of these cells are the actual 
terminal end-organs of the cochlear nerve, and others are susten- 
tacular in function. The scala vestibuli ajid scala tympani com- 
municate at the apex of the cochlea, as shown in fig. 342, V.T. 

(H) Observe the rods of Corti, the inner more numerous than 
the outer, and how the head of the one lies over the head of the 
other. The rods vary in length and span, in different parts of 
the cochlea. Internal to the inner rods is a single row of hair- 
cells, and external to the outer rods are several rows of hair-cells. 
Between the latter are supporting cells, and beyond them are 
columnar epithelial cells (fig. 343). The rods and hair-cells are 
covered by a special membrane, seen in section, which is perforated 
by the upper ends of the hair-cells — ^membrana reticularis — the 
basilar membrane terminating towards the wall of the cochlea in a 
fibrous expansion, the spiral ligament. 

The student must give considerable time and attention to the 
subject if he wishes to get preparations showing the structure of all 
the parts. It is difficult to keep the parts from falling asunder, and 
if the ear be not properly decalcified, bubbles of gas are discharged 
within the cochlea, which rupture the finer parts ; hence arises the 
necessity for opening the cocldea and fixing the parts with a ** fix- 
ing " medium previous to decalcifying it. 

4. Semicircular Canals. — Fix the membranous semicircular 
canals, and their ampullae, of a skate in Flemming's or FoFs fluid. 
Harden in alcohol. In the ampullaj are the terminations of the audi- 
tory nerve in the crista acustica. Make T.S. of the canals and V.S. 
of the crista acustica ; iu the latter case take care to include the 
entrance of the nerve-fibres. The preparation of suitable specimens 
to stain the termination of the nerves in the crista acustica presents 
very considerable difficulties. The student may have to repeat the 
process several times if he wishes to get typical specimens. 



THE NOSE. 

5. Olfactory Mucous Membrane. — Divide longitudinally the 

head of a freshly-killed rabbit. Place small pieces of the olfactory 

mucous membrane — readily recognised by its brownish colour — 

in dilute aicoliol (2 hours), and then in i per cent osmic acid 
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(24 liours). llatilcu ui iilcoliol, iiiakp V.S., sljiiu iviUi limiiiatoxyliii 
ami mount in balsam. 

(a.) (L) 01)serve on the surface the row of columnar epithelial 
cella with oval nuclei, and under these ijumeroua rows of cells with 
spherical nuclei. At the liaso of the latter a row of more granular- 
looking hasal cells (fig. 344). The basis of the mucous membrane 
composed of connective tissue with aectiona of numerous glands — 
Bowman's Grlands. Sections of blood-vessels and branches of the 
non-medullated olfactory nerve may also he seen. 

G. Isolated Olfactory CeUs. — Place small pieces of the olfactory 
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porting cell. 



nibrane in dilute alcohol (24 hours). Fix the membrane 
in I per cent, oamic oxiid (j minutes). Staiii the pieces in bulk in 
piero-camiine (24 hours). Scrape off a little of the stained and 
Bofteued epithelial covering and mount it in glycerine. 

(H) (a.) Observe the olfactory cbUb as very narrow, cylindrical, 
elongated cells with a large spherical nucleus, much broader than 
the body of the cell. The free suiface carries fine cilia, but they 
arffBpt to 1m! displaced in the process of teasing the tissue (fig. 345). 

(i.) Supporting cells, not unlike columnar epithelium, but they 
have a large ova! nucleus (tig. 345, E). They liave a long central 
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process. The free surface of the cell is covered by a clear hem, but 
its exact constitution and significance are unknown. 

(c.) There may also be found large granular polygonal cells 
derived from Bowman's glands — their acini and ducts. 



ADDITIONAL EXERCISES. 

Olfactory Bulb. 

1. This is a very complicated structure, and has been investigated recently 
by Gol^ and 1{. y Cayal. The bulb of a new-born animal is hardened by 
Gol;p*8 iai)id method and sections made. It contains a layer of white nerve- 
fibres, and under this large nerve-cells — mitral cells — and one remarkable 
arrangement kno>vn as olfactory glomeruli, which are nests of fibrils, formed 
partly l»y the terminal arborisations of the processes of mitral cells and by noii- 
medullated nerve-fibres of the olfactory nerve, which are passing onwards to 
terminate in the olfactory epithelium. 

2. Olfactory Begion by Golgi's Method. — The mucous membrane of the 
olfactory region is placed for 7 days in Golgi's osmico •bichromate fluid, then in 
silver nitrate, and hardened in alcohol. One often fails, but if a successful 
preparation be obtained the ends of the olfactory nerve are seen passing into 
the olfactory cells. 

3. T.S. Nose. — Harden the whole nose of a mouse in MuUer's fluid, stain in 
bulk in borax-caimine, and make T.S. across the whole organ to show its 
walls, sei>tum, turbinated bones, respiratory and olfactory regions. In such 
animals as possess a well-developed organ of Jacobeon study it. In it also, 
if a young animal, will be found beautiful sections of developing tooth. 
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TERMINATION OP NERVES IN SKIN AND SOME 

MUCOUS MEMBRANES. 

Sensory nerve-fibres terminate in the skin and mucous mem- 
branes in three ways : — 

(I.) Free nerve-endings, i.e., by intra-epidermic fibrils. 
(II.) In special terminal corpuscles. 

(III.) In neuro-epithelial cells, i.e., specially modified epithe- 
lial cells, as the rods and cones of the retina, the 
auditory hairs in the ear, the inner cells of taste-buds 
and olfactory cells. 
I. Free nerve-endings occur especially in stratified epithelium, 
c.f/., in the skin, mouth, and cornea (Lesson XXXII.). The nerve- 
fibres lose their myelin and primitive sheath, and the axis-cylinder 
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splito up into fine fibrils, wliltli penetrjU; into the epillieliiil layer 
and run between the ejiithelial cells, and sometimes anastomose 
with ea«h other, to end in free points which do not form connec- 
tions with any structure in the epidermis. In the skin these 
fibrils are confined to the rete Malpighii, and do not reach the 
atratuni granulosum. 

1. V.S. Skin igcid). — Use boiled gold chloride and formic acid 
(p. 372). Take very small pieces (2 mm. cubes) of the palmar 
skin of the fingers or toes, preferably from a new-born child or a 
young infant; cut away all the adipose tissue, and place the pieces 
in the gold mixture for at least one hour. Tlien place the tissue in 
slightly acidulated water, and expose to sunlight until the gold is 
reduced. Harden in alcohol, and mount the sections in formic 
glycerine. 

(H) Observe the blackened fine nerve-fibrils. Some of tliem 
))eadcd, running between the epithelial cells (tig. 336)- 

H. Terminal Corpnsclefl. — They arc very varied in their form, 
and include the following ; — 

A. Simple tactile Cf.lh. 

B. Compound tactile celU. 

C. Enil-bvlba with many mwlifications, 

D. TottehrCorpiuKles 

A. Simple Tactile Cells— VS Skin (gold) (H)— Tre^t v<>rv 
small pieces of the himian skm 

(volar surface of finger or toe) ^ j 

or the snout of a pig by the «a^ 

boiled gold formic acid method -Ij?^ 

(a.) Observe a nerve fibre 
(fig. 346, n) passing towards ^ 
and entering the epidermis, 

where it is non-meduUated and , _ -^ "■ 

splits into fibrils, which tcr ~^**'^ 

minate in oval, nucleated, tacttte 9'%^ 

digeg or menisci (m), each of 

which lies under a tactile cell ~ • 

(a). The cells are 6-12 fi in In. 

length, and He in the deeptr ^° ^?e~a"T^we'™n 'V x^tJo "i»^ "" 
part of the epidermis. 

B. Componnd Tactile Cells, called also Grandry'e and Herkel's 
CorpnBcles, consist of two or more cells (15 ;i x 50 p) ]iile<l one on 
the other; between each two colls is a disc or plate — tactile disc — 
which is connected with the axis-cylinder of a nerve. The cells 
Iiavo a larfte jiale nucleus, and the whole in surrounded by a fibrous 
capsule. The uerve loses Its myelin after it passes iuto the d^^an, 
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ami ita alieath becomes continuous witli the fibrous capsule. So 
far these structuree have been 
found only in tho bill and tongue 
of birds, e.g., duck. They lie in 
I the coriuiu, close under the epi- 
dermis (fig. 347). 

3. T.8. Tongue or Bill of 
Suck (Grandry's CorpuscleB) 
(L and H). — ^Harden in i per 
Fw. 3<7 -T«c(lie CorpiiMlM. BUI u( Duck <^^''t- osmic acid smaU pieces of 
/ Wiih tliret, «d B. With two uei;ie the marginal part of the tongue 
tactile diK (black). or the eieve-hke structure on 

the edges of the mandibles of a 
duck. Treat other email pieces by the boiled gold cliloride method. 
(a.) Observe the tactile cells and discs as in fig. 347. 
C. End-bulbe are small, oval, or cylindrical bodies of various 
shapes. A nerve-fibre enters one pole, *nd as it does eo it loses its 
myelin and terminates in a softer granular inner core. The bulb— 
which may be cylindrical in shape 
—consists of a tough fibrous cap- 
sule continuous with the sheath of 
( the nerve ; and a softer inner core 
in which the axis-cylinder ter- 
minates. Such bodies are found 
in the connective tissue of the 
mucous membrane of the mouth 
and conjunctiva. It is not difficult 
to isolate them from the conjunc- 
tiva of a calf (fig. 348). They He 
in the sub - epithelial connective 
tissue. Certain special forms of 
them occur in the genital organs, 
- B.f/,, clitoris, and in connection with 
; joints, A special form is known 
In d. ' as Pacinian corpuscles, 

4, Pacinian Corpuscles {Cal). 
^These are elliptical transparent bodies (2-3 mm, long and t mm. 
thick), readily found in the mcso-eolon and mesentery of a cat. 
Tliey consist of many concentric fibrous laminie, arranged like the 
coats of on onion, surrounding a central core, which is continuous 
with the axis-cylinder of a nerve. The lamell» are lined on both 
surfaces by endothelium, which can be stained with silver nittat© 
(fig. 350). The capsules are closer t<^ther near the centre tlian 
tliey are at the periphery. Examine one fresh in normal saline, 
and "fix" another with osmic acid and mount it in Farraiit's 




XXXIV.] 

solutioi 



NERVES OF SKIN. 



-fibre aurromrfed by perinei 
juelira of tlio perineurium become 




a. 349.— FuiiiiFa CorpoiKle, from a 
ttn Df CBt. c. CapBOlei : d, Etid 
11»f Uaimt sepimting "" '— - 
Nerve; J\ p,— •-■--- -■ 



; Funicular shea 



(Miitinuoua with tlie iamellfB of tlio corpusclf, a 
provided with its niyeliii aiid eur- 
pounded by its endoneurium — piercea 
the lamellie and reaches the central 
part of the corpuscle. The endoneuriuia 
Bepms to form n soft core round the a> ' 
cylinder, which usually B[ilitB up at the 
further end into a tuft of fibrils (fig. I 
349)- 

6. T,S. Pacmian Oorpuflcles. — They 
lie in the subcutaneous tissue. In a 
V.S. of fcetal skin from the jialmar 
surface of a digit (Leasou XXIX. 6) it fiu jsi- i .s. PatimjiEi Curpuscie, 
is easy to find these bodies cut obliquely 

or transversely. Fig. 35 1 shows their appearance when cut trans- 
versely, Ilardeu the skin in alcohol or osmic acid. Stain in picro- 
canninc or htematoxylin. 

6. Herbst'a CorpuBcles (H) are modified Pacinian corpuscles, 
occurring in the mucous membrane of the tongue of the duck. They 
lie in the corium, just under tlie epidermis. Harden the tongue or 
bill as for tactile corpuscles (p. 378), or use absolute alcohol, and 
slain the tissue iu bulk with borax-carmine. Mount in balsam. 
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a general arrangement aa in Paciuian cor- 
puscles. These bodies, however, are morii 
I elongated, and the axis-cylinder in the 
I centre is bordered by a row of nuclei. 
S. Toodi-CorpuscleB of Wagner or 
HeiaBner. ^ These are elliptical bodies 
J (40—1 50 fi long and 30-60 ft broad), which 
j occur in the papillse of the skin, especially 
j in the volar side of the fingers and toes, 
lerve-fibre passes to each corpuscle, 
which has a fibrous sheath. Owing to the 
L way in which the divisions of the nerve 
E twist round the corpuscle, they liave an 
', irregular transversely striated appearance. 
! The nerve-fibro ent«rs the corpuscle, and 
1 its branches take a coiled course round the 
' corpusele, 

7. V.8. Skin (Touch-Corpofldes). — (i.) 
Mike vertical sections of skin (]>almar 
surface of digit), harden in alcohol, atain 
them in hEematoxylin or safranin, and 
mount in balsam (fig. 352). 

(ii.) Treat skin by the boiled gold 
chloride method to see the terminal 
branches and distribution of the nerve 
; within the corpuscle {fig, 353). In some 
™Ki"'w"Nme3m're'in ^'^''^tiona the corpuscles are compound- 
tonch-corpiucie; s. (:.■!]» ot The following Table shows the modes 
^".'PlSUt';.'"*'"- *'""'"'' of termination of nerve-fibres in aensoij 
surfaces: — 
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ADDITIONAL EXERCISES. 





9. Organ of Eimer. — Preparu the nose of tl 
methoa. lu Hcctions study Ihii tennination of tLo ] 
knowa na the organ at Eiiuor (fig. 354). 



LESSON XXXV. 

THE TESTIS. 

Thb /raweiL-iirk t\i the testis (fig. 355) uonaiate of a stronf^, tougli, 
filirous capnle — the tunica albuginea — which i.s covered externally 
by einlothelium reflected from the seroua membrane — -the timica 
Taginalia At the batk part of the organ, the tunica albagineii is 
prolonged for boidb distance (8 tiim.) into the gland to form the 
corpus Highmori or mediaHtinimi testis. From the under surface 
of the tunica albugiuea septa or trabeeulie pass towarda the corpus 
Highmori, and thus subdivide the gland into comiiartmenta or lobules 
(about 120 in number), with tlieir basea directed outwards and 

I, Janr. of Ana.t. and Phys., 1892. 
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their npices towards the corpus Highmori. The tunica albuginea 
consists of dense fibrous tissue, but it is of looser texture internally, 
where it has ninnorous vessels and lymphatics. This inner layer is 
sometimes called the tunica 
vascuIoBa, and is continuous 
with the septa. Each lobule 
i contains z-8 Bemimil tubules. 
\ These convoluted tubules (800) 
I begin by a blind extremity, 
I and are of considerable length 
I (30-50 cm.) and of nearly 
uniform diameter (.3 mm. or 
140 ;i). The tubules of any 
oue compartment unite at 
_ .... acute angles to form a small 
nori mis. number of much narrower 
ina.3js.-T.a.ofTe»cis. straight tubules (20-25 /*)— 

tubuli recti— which jmss into 
the mediastmum and there form a network of inter-communicating 
tubules of irregular diameter (24-180 /t) — rote testis (fig, 356). 
From this proceed 12-15 wider 
ducts — rasa efferentia — which 
arc straight at first, but some 
become convoluted and form a 
aeries of conical eminences — 
coni vaecnlosi— which together 
form the head of the epididy- 
mis. The epididymis, consist- 
ing of a sir^le convoluted tube 
(600 cm., or 20 feet long), is 
continued into a thick-walled 
muscular tube — vas deferens 
(60 cm., or 2 feet long)— which 
conducts the secretion to the 
urethra, and ia, in fact, the 
excretory duct of the testis. 

The seminiferouB tubules 
consist of a thick membrane 
composed of flattened nucleated 
cells, arranged like membranes 
and lined internally by a base- 
ment membrane. The latter is 
lined by several rows of 
cubical cells which differ much in appearance, according to 
the /luictional activity of the organ. In the resting condition, 
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the tubes are lined by several layers of more or less cubical cells, 
whose nuclei stain more or less deeply with staining reagents. In 
an active gland in some tubules some of the clear cubical cells of 
the outer row of cells — lining epithelium — contain nuclei under- 
going mitotic division. The rows of cubical cells internal to these 
have a radiate arrangement, and are separated into groups by larger 
structures, sometimes called spermatoblasts, and by other observers 
sustentacular cells, which grow up between the smaller cells, 
and at their upper ends are connected with the spermatozoa. Inside 
the layer of lining epithelial cells are several rows of larger cells — 
spermatogenic cells — with nuclei showing diflferent stages of 
mitosis. Next the lumen, which is always well defined, in some of 
the tubules are spermatozoa in different stages of development. In 
others, however, not so far advanced, the inner row of cells consists 
of small protoplasmic cells — the true spermatoblasts — as from these 
cells the spermatozoa are developed. The developing spermatozoa 
rest by means of their heads on the sustentacular cells. The sper- 
matozoa are arranged in tufts or groups, with their tails towards 
the lumen. The spermatozoa gradually develop from the true 
spermatoblasts and pass towards the lumen, and as they are set 
free new spermatoblasts are formed by the mitotic division of the 
spermatogenic cells. 

The straight tubules are lined by a single layer of flattened 
epithelium ; the rete testis has no basement membrane, but it 
also is lined by a single layer of flattened epithelium. The vasa 
efferentia and the tube of the epididymis have smooth muscular 
fibres in their walls, and are lined by columnar ciliated epithelium, 
the cilia being very long. 

The interstitial tissue of the testis between the tubules is very 
loose in texture and laminated, and has numerous lymphatic slits. 
In some animals (rat, boar) are numerous polyhedral, nucleated, 
sometimes pigmented, cells, the remains of the cells of the Wolffian 
bodies. 

The vas deferens consists of a fibrous coat investing an outer 
thick layer of smooth muscle arranged longitudinally ; inside this 
is a thick layer of smooth muscle arranged circularly ; inside this 
again is a submucous coat of connective tissue. In some parts of the 
tube there is a layer of smooth muscle arranged longitudinally just 
internal to the circular coat. Then follows the mucosa lined by 
columnar non-ciliated epithelium. 

Methods. — (i.) Harden the fresh testis in Aliillcr's fluid (2 
weeks). If it be large, cut it into small pieces. The capsule exerts 
considerable pressure on the gland substance, so that when the testis 
is cut into, the latter projects somewhat. Complete the hardening 
in alcohoL Corrosive sublimate is a good hardening reagent. Stain 
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sections in haematoxylin or picro-carmine, and mount in balsam. 
The hardened testis of a small animal, e.g., rat, should also be 
stained in bulk in borax-Ksarmine or Kleinenberg's logwood, and cut 
in paraffin, so as to include the body of the testis and the epididymis. 
Mount in balsam. 

(ii.) Harden very small pieces of the testis of a freshly-killed 
rat or mouse in Flemming's mixture and stain the sections in 
safranin. A very small testis is taken, as Flemming's fluid only 
penetrates a few mm. into the tissue. This is for the study of 
spermatogenesis. 

(iii.) Harden the testis of a frog in absolute alcohol and stain 
it in bulk in Kleinenberg's logwood. 

(iv.) Harden the testis of the dogfish in Flemming's fluid and 
stain the sections in haematoxylin or safranin. This, as shown by 
Swaen, is an excellent object for the study of spermatogenesis. 

(v.) Harden the testis of a mouse, salamander, or frog in the 
following fluid ^ in which platinic chloride is substituted for the 
chromic acid in Flemming's chromo-aceto-osmic acid mixture : — 

Hermann's Fluid. 

Platinic chloride (i per cent.) . 15 parts. 

Osmic acid (2 per cent.) . . 4 »> 

Glacial acetic acid . . . i part. 

The above is used for the tissues of mammals ; but if a salamander 
testis is used, then take only 2 parts of the osmic acid. 

After 2-3 days the details of the cells are better brought out 
than with Flemming's solution. Complete the hardening in alcohoL 
Make sections in paraffin, fix them on a slide with albumin fixative, 
and stain for 24-48 hours in the following safranin fluid : — 

Safranin . . . . i gram. 

Alcohol . . . . 10 cc. 

Water . , , . 90 ,, 

After staining, wash in water, acid-alcohol and alcohol, but do 
not remove all the surplus safranin. Then stain for 3-5 minutes 
in a gentian-violet solution. Decolorise the sections by means of 
Gram's method (p. 105), ^.g., after washing in alcohol, place them 
for 1-3 hours in the following fluid — 

Iodine . . . . i gram. 

Potassic iodide . . .2 grams. 

Water .... 300 ec. 

until they are quite black, and then differentiate them in alcohol. 
Moimt in balsam. 

1. T.S. Testis {Rat). — {a.) Observe the thick, tough, fibrous 
tunica albuginea with sections of large blood-vessels and lymphatics 

^ Archiv f. mik, Anat., xxxiv. p. "58. 
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in its deeper part. From its under surface sfpla pass into tlie 
gland at fairly regular intervals, thus dividing it into a seriee of 
corapartnients or lobules. At tlie upper and back part is the 
fibrous septum— corpus Highmoiiammi or mediastinum testis, 
llaoy of the septa are connected with it. 

(Ii.) In the lobules lie twisted or convoluted tubulei? — the Bemi- 
uiferoiis tubules — which converge towards the luodiDstinum a:nl 
form near it a number of straight tubes — the tubuli recti — which 
in their tura unite and form the rete testis in the mediastinum, 
and from tliia jiroceed the vasa effereutia, which run to join the 
wiiinl of the epididymis (fig. 356). 

(c.) The tubules in a state of activity are diatuif^Tiished from 
the resting ones by the intensely stained heads of the young 
E]>ennatozoa. An active tubule is lined by several rows of poly- 
gonal celis, some of which are larger than the others. Embedded 
amongst the cells, near the lumen of the tube, arc bunches or 
tufts of spermatozoa, best seen in longitudinal sections of the 
tubes. The heads are directed towards the wall, and tlie tails 
towards the lumen of the tube, 

((/.) In some animals the interstitial tissue between the tubules 
1.1 chiefly formed by thin flattened membratiea of connective tissue ; 
but in others, e.g., boar, the matrix consists of numerous pigmented, 
polygonal, very granular cells — intdrstitLal Cells. 

2. Spermatogenesis (Bae). — In order to see the structure of 
the seminiferous tubules to the best advantage, harden small 
pieces of the testis of a rat, or a guinea-pig, as directed imder 
V. and ii. (p. 384). To keep the parts together, cut in paraffin. 
The best stain ia safranin. Fix a thin T S. of a tubule under a 
high power. 

(«.) Observe the rather thick wall — memlrana propria — of the 
tubule, composed of flattened cells, perhaps of a connective tissue 
nature. This is lined by three or more layers of glanduhr cells, 
which vary in appearance acconiing to their condition of physio- 
logical activity. In a gfate 0/ rest each tube is lined hy several 
layers of large polygonal cells placed one inside the otlier. 
. (ft.) In an active glanil, known "by the evidences of division of 
cells and by the development of spermatozoa (fig. 357), there ia an 
outer layer of cubical-looking cells, and internal to it several layers 
of round or ovoid cells, which are called spermatogemc cells. lu 
the latter may be seen nuclei iindergoing mitotic division. The 
lining epithelial cells seem to divide ; one part of each cell passes 
into the second layer of cells, and becomes a spermatf^en or sper- 
mat^^enic cell, while the remainder of the original cell enlarges and 
grows up as a suBtentacular ceU. The spermatogenic cells divide 
and rcdivide by mitosis, and yield the small daughter-cells or 
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flpemifttoblasts of the inoermost layer. The latter, arranged in 
groups, gradually elongate, and from them the groups of spermatozoa 
are formed. Each group reata on and is connected with a susten- 
tncular cell ; hence arose the old view that these suatentacular 
cella produced the spermatozoa, and for this reason they were 
formerly called B|)ermatoblaats. The nucleus of a daughter-cell 
forms the bead and body of the spermatozoon, while the tail is 
formed within the protopksm, but it is connected with the nucleus, 
and in ite development grows out and forma a cilium. 

8. Isolated GellB mnn the Tabules. — Macerate small frag- 
ments of the testis in dilute alcohol lo-iz hours. Tease a small 
fragment in glycerine. Observe the various forms of cells iso- 
lated. 

4. Spenuatozoa (H). — Make a cut into the epididymis of a testis 
removed from a rabbit as soon as possible after death. A milky 
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juice ezndea. Place a little of this on a slide and dilute it with 
normal saline, 

(a.) The spermatozoa, each one with a head and a long vibratilo 
tail or cilium. By the side-to-side movement of the tail the whole 
spermatozoon ia moved onwards in a zigzag course. 

(6.) Add a drop of distilled water. The movements are arrested. 
The sperinalOBoa are slowly killed. 

They may be readily preserved by smearii^ a little of the miUcy 
juice from the epididymis upon a slide and (dlowing it to dry. It 
is then covered and sealed. 

0. Spermatozoa of Newt and Frog (H). — The testis of a newt 
is teased in a mixture of alcohol and glycerina 

(H) Observe the pointed head, body, and long tail of each sper- 
matozoon. There is an intermediate part, which is best seen in a 
Btaineii preparation. From it springs a filament which appears to 
be prolonged as a spiral filament around the cilium or taiL The 
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B]iiral filament ia in reality the oiitical expression of a tliii 
attached iu a s^iinl direction to the ciliuiu. Mount 
the spemiatozoo of a frog. The male frog ia easily 
known by the wart on hia thumb. Open the 
nlKlonien, and low down in tlie hollow on each 
side of the vertebral column ia an oval, kiduey- 
siiaped, whitish boJy^tlie tcatis. It is to be 
treated like the testis of other animals, 
certain seasons of the year no apermatoaoa ar 
bo fonnd. The cells are in a resting phase. 

fi. Humaa Spermatozoa. ^Mount in glyce 
some spermatozoa obtaiiiei! from a spermatocele 
{lig. 358). Observe the head {/c), long tail {/), 
and middle piece (wA 

7. Cover-GlasB Preparations (H) — Comprees 
B. small piece of the testis of a ne t or f o), 
between two cover-classes. Separate the a 1 
allow the film on them to dry bta n one in 
methyleno-blue, and the other for twenty tour hours 
in Ehrhch-Biondi'a fluid. Uryanlrto ntmbalaan 

(a.) In the methylene-blue s|e<, n en only the 
beads of the spermatozoa are sta ned. In tl e 
other, the head of the 8]>ermatazoon is sta ned 
one colour, while the tail and tl e ntern ed a y or * 3 

junction piece ia of a difi'erent hue. 

8. Testis of Salamaader.— tix tl te t (n September 
October) in Hermann's 

fluid, and slain .13 directed b d_ m 

at p. 384. The bundles of 
ripe spermatozoa are very 
marked. The body of 
each spermatozoon is red- 
dish, its head bluish -violet, 
the middle piece also of tlie 
same colour, while the tail 
is brownish - violet. In 
Hermann's paper figures 
will be found showing the jnta™ 
remarkable stages of de- o>"Tm 
velopment of the bodifs 
of the apermiitoKuon from 
the nucleus of the ajiernia- 
tida. Numerous mitotic FH39— T9 r um e it mi 

figures may be seen. 

9. Epididymis (L and H). — Prepare like the testis. Make 
T.S., stain in biumatoxylin and mount in. bviVeaio. 
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(a,) Observe numerous sections of the twisted tube of the 
epididymis (fig. 359); each tubule has a fibrous wall, and is lined 
by a single layer of tall, slender, columnar ciliated epithelial cells. 
Each cell is provided with a fringe of long cilia. The lumen is 
wide and distinct, and may contain a confused mass of spermatozoa. 
At the bases of the cells are sometimes seen small cells, and in 
pigmented animals pigment granules are not unfrequently seen in 
the connective-tissue stroma supporting the tubule. There is a 
fair amount of connective-tissue stroma between the tubules, and 
in it are blood-vessels, lymphatics, and nerves. 

10. T.S. Vas Deferens. — Harden it like the epididymis, make 
T.S., stain, and observe the arrangement of its parts as described 
at p. 383. 



LESSON XXXYI. 
THE OVARY— FALLOPIAN TUBE— UTERUS. 

THE OVAEY. 

The ovary consists of a stroma, covered on the surface with a 
single layer of short columnar or germinal epithelium. Embedded 
in the stroma are numerous Graafian follicles in all stages of ripe- 
ness. Each Graafian follicle contains one ovum. The unripe 
follicles, with primitive ova, form a superficial layer close under 
the surface, while the more mature ova and follicles lie deeper. 
The coverings of the follicle and the structure of a ripe ovum are 
given at p. 389. 

Methods. — Select the ovaries of small animals, e.g,, mouse, rat, 
as they can be better " fixed " than large ones. 

(i.) Harden the ovary of small animals in foto in Miiller's fluid 
(2 weeks), and then in alcohol. Make two or three transverse 
cuts in the human ovary before hardening it in the same fluid. 

(ii.) Picro-sulphuric acid, for a day, is also a good hardening 
reagent. Complete the hardening in alcohoL The pieces had 
better be stained in bulk in borax-carmine, or Kleinenberg's 
logwood, and embedded and cut in parafi&n, or embedded and cut 
in celloidin. 

(iii.) For small ovaries use Flemming's fluid, embed and cut in 
paraffin. Stain with safranin. 

For obtaining a general view, the sections must be pretty thick. 
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otherwise the follicles ate < 
Thin sections must also he 

1. T.3. Ovary {Hg. 3G0).— (o.) (L) The hotly of the 
covered on its surface by _j— b^bi^^«^ fi 

a single layer of short, ^*^^^^^^^^^-.^^b-^^»— -T 
eoluninar, nucleated culla 
— tlie germinal epi- 
thelium. 

{('.) The substance or 
stroma, coniposeil of con- 
nective tissue with numer- 
ous hloiid-vesBels, and in 
some places smooth muscu- 
lar fibres. The connective 
tissue is denser, ajid is 
arranged in several layers, 
near the surface. 

(c.) Lying in the stroma 
— the Graafian folliclee, 
Xear the surface is a layer 
of smaller unripe ova — 
primitive ova (40 /i) — 
while the riper and larger follicles are situated deeper in the stroma. 
Each follicle contains an ovum, but if the section be thin the ovum 
may drop out and leave only the follicle and its coverings. 

(d.) If the ovary be from an adult animal, a corpus luteom may 
be found. Its appearance will depend upon whether it lias been 
recently formed or not, and whether the animal was recently preg- 
nant. If it is of some standing, it is large and more or less spherical 
in outline, occupying a considerable part of the stroma, with an 
umbilicus-like centre and radiating lines of connective tissue. Be- 
tween these are numerous large granular cells. In a recent one 
there may be a yellow pigment — lutein— staining the scar. 

(a) (H) The germinal epithelium, and under it the timica 
Rlboginea, composed of two or more layers of connoctive-tissiio 
lamellfe^with fusiform cells — crossing each other. It gradually 
{tasses into the stroma. 

(/.) The Ooverings of the Follicle. — Select a well-developed or 
nearly ripe ovum (.5-5 mm. in diameter). Outside is the theca 
folliculi, composed of two layers, an outer one fibrous — the tUOlca 
fibroea — and inside it a layer 'wilh blood-vessels — the timica 
propria. Inside this several layers of cubical cells, constituting 
the membrana granulosa. From this there projects a mass of 
cells at one ]iart, forming the ciunulua or discus proligerus. Tlio 
cells are coutiuued as the tunica granulosa around the ovum. 
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Between the tunica and membrana granulosa is a s[>ace which 
encloBea a fluid iu the large follicles— -the liqnor folliculi. 

(y.) The ovum, composed externally of a hyaline membrane — 
the SOnapeUacida — enclosing more or less granular cell-contents ; 
the vitellus or yelk; and placed excentrically in this the germi- 
nal vesicle (corresponding to a nucleus), with its small excentric 
geiminal spot (corresponding to a nucleolus). 

(k.) SmaH Unripe Ova.— Besides the difference in size, the 
follicles show no separation between the tunica and membrana 
granulosa. They form a layer of cells in which the small ovum 
appears to be embedded. 

2. The Ovum (fig. 361).— A fresh ovum may be obtained thus. 
Take the ovary of a cow or sheep, which on its surface ahowa clear 
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elevations about the size of peas, filled with a wat«ry-looking fluid ; 
these are rij* foUiclPs, Prick the follicle and receive its contents 
upon a slide. The liquor folliculi escapes, and with it the ovum 
surrounded by the cells of the tunica granulosa. With (L) search 
for the ovum in the fluid on the slide. Do not cover the prepara- 
tion while doing so. If a covet^Iaas be applied, two strips of paper 
must be placed under the cover-^lass to avoid pressure upon the 
delicate ovum. Observe the ovum, and in it will be seen the parts 
already described and shown in fig. 361, 

8. T.8. Fallopian Tube (L and H).— This is hardened in 
MuUer's fluid or Flemming's fluid. Treat it in the same way as 
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the intestine, Jfate transverse aections, aiid Btiiiti I hem i 
witli picro-carmine or lo),'wm«l. 
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The Fallopian tnbo? in animalB 
The pentonexim should be cut off 
aa close to the tuhe as posaible, 
and the latter stretthed if toniplet© 
T.S. are requticd 

(a.) Ohaerve, most rxtirnai the 
thill S^^UB coat 

(6.) Inside this the muflcular 
coat, composed of non atnped 
inuBcle, a very thin lonptudinaL 
layer of fibres, and i muiii stronger 
circular lai er 

(e.) A thui BubmucouB coat 

(d.) The mucous coat tliruwn. 
into numerous ridi,e3 or folds, t r , 
sections of longitudinal folds, bo 
thut the hunen of the tube appears 
somewhat star shaped or brHnihcd 
{fig. 362) Sometimes the pro- 
cesses of the mucous mcmhrnna 
are very complex in their arrange- 
ment, and give rise to arborescent- 
looking folds in transverse sectiona 

(e.) (H) TJiB thick mucous coat 



often pursue a curved course 
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] glands, although the 
r this is connective tissue 



low cylindrical ciliated cells, but there a 
depressions act the jwirt of glands. Under 
with a. very thin niuacularia nmcosje. 

4. T.8. Fimbriated End of Fallopian Tube stained in borax- 
carmine and cut in paraffin. Observe the very complex folds of 
tlie Jiiucoiia membrane, each with secondary folds and covered by 
ciliated e|>ithelium. The folds are much higher and far more com- 
plex than tUey are in the Fallopian tube (fig. 363). 

tTTEBUS. 

The wall of the uterus is comjwsed of smooth muscle lined by 
a nnicoTis membrane. As a rule, two layers of muscular fibre — 
imperfectly sejarated from each other — can be diatinguiahed in the 
muscular coat ; the external layer having 
an irregular course ; then follow blood- 
vessels and connective tissue, which sepa- 
rate it incompletely from the inner one 
arranged more circularly. This thick 
inner layer of smooth muscle is aaid to 
represent a much hypertrophied muscii- 
laris mucosa. The mucous membrane 
{l mm, thick) consists of connective tissue 
containing a very large number of cells 
and nuclei, and embedded in it are 
tubular glands — utricular glands — some 
of them simple, and others branched (fig. 
364), especially at their lower ends. 
These glands seem to be devoid of a 
^'''J/.f-'.ff/C-,-'-"'.' membrana propria, but the surrounding 
'• l/f" -y'^ •'ei'.'.^J-'^', connective tissue is arranged around them 
■.■ -o-.-.--- •_! wa-.j jjj ^ concentric manner. The body of the 
uterus, upper half of the cervix, and the 
uterine glands are lined by a single layer 
of short columnar ciliated epithelium. 
The vaginal portion of the uterus is lined 
by stratified squamous epithelium, and 
carries small vascular papillae covered in 
by the epithelium. The mucous mem- 
brane rests directly on the muscular coat, 
there being no proper submucoaa. Small 
processes of smooth muscle from the 
muscular coat are jirolongod inwards between the bases of the 
glands. The mucous coat ia very vascular and contains many 
lymphatics, * 
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Methods. — It is rare to obtain the human uterus sufficiently 
fresh for microscopical preparations. Harden the uterus of a 
bitch, cat, or rabbit, in chromic and spirit fluid, alcohol, or MiQler's 
fluid. Make T.S., and treat them as the Fallopian tube. 

T.S. Uterus. — (a.) Observe the serous, muscular, and mucous 
coats as in the tube, but here the muscular coat is very thick, and 
is composed of numerous fibres arranged in bundles and running in 
all directions. The arrangement of these bundles is much simpler 
in animals than in the human uterus. 

(b.) The mucosa is very thick, and is covered by a single layer 
of cylindrical nucleated cells, and has numerous glands, which are 
lined by similar cells. Not un frequently the gland-tubes branch, 
especially near their lower extremities. It is difficult to retain the 
cilia on the epithelium lining the cavity of the uterus and its glands. 
Between the tubules is a relatively large amount of connective 
tissue containing many nucleated corpuscles and blood-vessels. As 
the glands pursue a curved course, and do not always run at right 
angles to the mucous surface, it is difficult to obtain a section 
through the entire length of a gland (fig. 364). 



LESSON XXXYII. 

MAMMARY GLAND, UMBILICAL CORD, AND 

PLACENTA. 

The mammary gland is a compound racemose gland, but it has 
about twenty galactoferous ducts which open on the nipple, each 
duct being dilated into a small reservoir just before it ends on the 
surface. The ducts, when traced backwards, branch and end in 
acini or saccular alveoli. The alveoli — as in all glands — vary in 
appearance according as the gland is or is not active. The walls of 
the ducts and acini consist of a basement membrane, said to be 
composed of branched cells, which in the acini is lined by a single 
layer of somewhat flattened polyhedral secretory cells. A cluster 
of acini gives origin to one of the larger ducts, and a considerable 
amount of connective tissue lies between groups of acini. In fact, 
the connective tissue greatly preponderates. During lactation the 
secretory cells are taller and larger, and in their interior — probably 
formed from and by the protoplasm of the cells themselves — are 
formed the fatty granules which are discharged to form the milk 
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glofaules. The active gland presents some resemblance to a salivary 
gland, so closely are the alveoli pressed togetKer, with only a small 
quantity of interstitial connective tissue between them. The acini 
arc in groups and separated from each other by fibrous imperfect 
septa. Numerous cor- 
— ■~ r^ puacles, including granu- 

lar cells, occur in the 
alveolar connective tis- 
sue The ducts are 
lined by columnar epi- 
1 helium, and in a section 
( f a human gland they 
appear large 

(i.) Harden small 
parts of the nuunmary 
^and m absolute al- 
cohol Select, wben 
possible, the ^land of 
a recently pregnant 
woman (or animal). 
ttou« bet^eel ^ «"" Stam the bctions in 
hi^atoiylin and mount 
, to get a general \ lew of the gland structure. StMn 
111 bulk, embed and cut m pai-affin, 

(ii ) Harden very small pieces of a fresh gland, «.jr., from a 





]jregnant cat or labbit, in Flemming'a mixture and stain the 
sections (very thin) in safranin, 

1. V.S. Manimary Gland (Bamatoxj/Un) (L and H) (fig. 365). 

(a.) Observe the groups of acini, separated by a relatively laige 
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amount of somewhat loose connective tissue, and sections of the 
ducta (D). The sections should be made so as to include the 
nipple, when the larger ducts with their dilations will be seen. 
The ducta are lai^e between the lobules, and withia the latter the 
course of the finer ducts caa readily be traced. 

(6.) Tlie gkibular acini, with a basement membrane lined by a 
fflngle layer of somewhat flattened or cubical epithelium. Id the 
inter-alveolor tissue many leucocytes and granular cells. 

2. Active Mammary Gland (Saframn) (H). 

(a.) Study specially the acini Observe the lai^e and tall 
columnar cells lining the acini, and in some of the cells clear 
refractive granules of fat. The lumen is wide, and is usuaUy 
partially filled with the debris of the secretion-milk. Osniie acid is 
a goqd agent for showing the presence of fatty granules {6j'. 366). 

8. Colostrum (H), i.e., the first milk secreted after delivery. 
If this can be obtained, examine it, and note, in addition to the 
ordinary milk-globules {Lesson I. 3), large coarsely granular nucle- 
ated refractile cells — colOBtrmn corpiuicles. The granules are 
sometimes pigmented, and are fatty (fig. 367). 

UMBILICAL COBD AlfD PLACENTA. 

4. T.S. Umbilical Cord.— Harden this in Mailer's fluid or 
alcohol. Make T.S. by freezing, and stain them with hseiiiato.ijhn 
or picro-carmine. Methyl-violet is aho a good stain 

(a ) Note on the outside of 
tlie circular masi of tissue a 
thm layer of flattened cells 
derived from the amnion 

(6 ) The cord itself composed 
of Wharton 8 jeUy enclosing 
usually two umldical arteries 
and a single vein with very % 
thick muscular coats The^ . 
are completely surrrunded hi 
Wharton a )elly which how 
ever in a cord at full time is 
very largely tomposcd of fibrous 
tissue- btiU numeroui branched 
connective tissue corpuscles esist 
in the meshes, and there are 'bom;" Kiatt 

also present numerous Jymphoid-looking cells (Lesson XIL 10). 

5. Fresh Placenta (H).— Tease a fragment of a placenta in 
normal saline. Kote the villi, each long, tapering, and branched. 
In the interior capillary loops whicli occupy the greater part of the 
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villus, so that only a small amount of connective tissue intervenes 
between the vessels. Each villus is covered on its surface by a 
layer of epithelium, which, however, is thin at one part and thick at 
another. Especially at the ends of the villi are large granular masses 
of protoplasm containing many nuclei, but one canilot make out a 
separation of these masses into cells. They often contain vacuoles. 
The arangement of the blood-vessels may be followed from the 
distribution of the blood-corpuscles (fig. 368). 

Small portions of a placenta are also to be hardened in MuUer^s 
fluid and stained in bulk in borax-carmine. Individual villi may 
be isolated in dilute alcohol or osmic acid. 

6. Injected Placenta. — Examine a vertical section of a placenta 
Mrith the foetal blood-vessels injected, say blue, and the maternal 
vtjssels red. Observe how the one set interlocks with the other, yet 
both systems are closed and do not communicate with each other. 



LESSON XXXVIIL 

TO MAKE PREPARATIONS RAPIDLY FROM 

FRESH TISSUES. 

It is of the utmost importance that the student should be acquainted 
with the methods of making preparations from fresh tissues placed 
in his hands. The following is an outline of the work that each 
one can readily do for himself if supplied with a pithed frog, or 
other suitable material 

A Prom a Prog. 

1. Corneal Corpuscles. — With a sharp pair of scissors cut out 
the cornea. Divide it into two parts. 

(a.) Treat one by the lemon-juice method (p. 79). 

(h.) Treat the other part by placing it direct into .5 per cent. 

AuClg (half an hour) ; wash in distilled water ; place in 

a saturated solution of tartaric acid at 50° C. until the 

gold becomes reduced (p. 79). 
(r.) A cornea may be placed fresh in dilute methylene-blue 

(i : 300 normal saline). Mount in picrate of ammonia 

glycerine (p. 192). 

2. Corneal Lymph-Spaces. — Remove the eyelids, expose the 
surface of the other cornea, scrape otf the epithelium, and rub it 
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with solid silver nitrate. Cut out the cornea and expose it to light 
in water (p. 77). 

3. Tendons. — These are best made from the tarsal tendons, 
which can readily be snipped off in considerable lengths. 

(a.) Fihnls.- — Tease a piece in baryta- water and mount in 
glycerine. 

(6.) Tendon Cells. — (i.) Add dilute acetic acid to bring into 
view the rows of cells, theu wash with \Yater, and afU^r 
all the acid is removed stain with logwood or picro- 
carmine. (ii.) Also tease a piece in normal saline con- 
taining a trace of methyl-violet. 

(c.) Silver one of the tendons to show the endothelium cover- 
ing its surface (p. 166). 

(//.) Place a fresh tendon in ammoniacal carmine (10-15 wiins.), 
wash and place in very dilute Delafield's logwood 
(10-15 mins.). Wash, tease; and mount in balsam. 
The tendon cells are red, their nuclei blue, and the 
tendon fibres rosy. 

4. Aponeurosis.-— The best is the femoral 

(a.) Remove the membrane and stretch it on a slide by the 
"semi-desiccation" method (p. 159), and after it is 
fixed to the slide apply a drop of acid methyl-green, 
or normal saline with methyl-violet. The nuclei are 
thereby stained, and the crests and ridges of the cells 
are made visible. 

(h,) It may be fixed rapidly on a slide with absolute alcohol and 
stained with logwood. Or osmic acid may be used to fix it. 

(c.) Show the effect of acetic acid. 

5. Areolar Tissue. — (a.) Dissect out some from the inter- 
muscular septa of the leg muscles. Stain with methyl-violet in 
normal saline. This stains the cells. Or use acetic-fuchsin (p. 92). 

6. Yellow Elastic Fibres. —These are found in the septa between 
the lymph-sacs. Cut out a septum, fix it on a slide by "semi- 
desiccation," and then add acetic acid. Or make another prepara- 
tion and stein it with a weak solution of methyl-violet- 5 B (p. 93). 

7. Pigment-Cells. — (a.) These are found in the web of the frog's 
foot. Stretch the web between the toes, harden it in absolute 
alcohol for an hour or so, peel off the skin, and mount it in balsam 

(P- 173)- 

(b,) Or use the mesentery, or almost any blood-vessel j add 

dilute acetic acid and mount in glycerine. 

8. Hyaline Cartilage. — (a.) Use either the episternum, scraping 
off the perichondrium, or make a section of the articular cartilage 
on the femur or tibia. Stain in haematoxylin. Or, before cutting, 
the cartilage may be hardened for an hour in absolute alcohol 
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(b.) A silver nitrate preparation may also be made (p. 151). 

9. £ndotheliiim of Mesentery. — Place pieces of mesentery in 
AgXOg (.25 per cent.) for half an hour, wash in distilled water and 
expose to light in 50 per cent, alcohol 

Part may be afterwards stained in hsematoxylin, 

10. Endothelimn of Great Lymph-Sac— Open the abdomen 
from the front along the middle line, turn aside the intestines, 
and note the kidney. A.tliin membrane or septum stretches from 
this to the abdominal wall. With a fine pipette filled with silver 
nitrate solution perforate this membrane and allow silver nitrate to 
flow into the great lymph-sac. Expose the membrane to light, and 
then examine in glycerme to see endothelium and stomata (p. 239). 
One-half may be stained with haematoxylin to show the nuclei Or 
expose the septum from behind as directed at p. 238. 

11. Adipose Tissue. — Use the yellow-coloured fat bodies found 
in the abdominal cavity. 

Ja.) Tease a piece in glycerine. 
J).) Use osmic acid (p. 169). 
See also other methods in Lesson XII. 

12. Striped Muscle. — In this one must demonstrate — 
[a.) Sarcolemma (p. 193). 
h,) Nuclei, e.g.y by acetic acid (p. 194). 
^c.) Sarcous substance with its cross stripes. Harden for half 

an hour in alcohol and stain with haematoxylin or picro- 
carmine, or both. Mount in glycerine. Osmic acid 
also " fixes " the striation. 
(d.) Fibres may be isolated by means of 33 per cent, caustic 
potash, but they must be examined in the same solu- 
tion. 

13. Cardiac Muscle. — Isolated cells are obtained by the 33 per 
cent, caustic potash method. The fresh tissue teased, stains well in 
picro-carmine. 

14. Smooth Muscle. — Use 

(a.) Frog's bladder (p. 190). In addition, spread out tlie 
bladder on a slide, expose it to the vapour of glacial 
acetic acid, wash away the epithelium, stain with 
violet-B, arid mount in picrate-glycerine (S, Mat/er), 

(/>.) Intestine. The muscular coat alone is to be used, after 
• scraping away the mucous coat. Treat it as above. 

15. Epithelium. — Scrape any epithelial surface, diffuse the 
scrapings in normal saline and examine fresh, and seal up with 
parafiin wax. 

Squamous. — Use cornea. 

Cohnnnar, — Use intestine. 

Ciliated, — Mucous membrane of palate. 
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Staia others with acid methyl-green or picro-carmine. 
Make cover-glass preparations (p. 140). 

Before staining pass the cover-glass three times through the flame 
of a Bunsen-hurner. 

16. Medullated Nerve-Fibres. — Expose the sciatic nerve. 

(a.) Tease out a few fibres and show them fresh in normal 
saline. Seal up the preparation with paraffin wax. 

(b.) Tease a piece in i per cent osmic acid, cover with a watch- 
glass, and after half an hour mount in glycerine. This 
blackens the myeline. A part of this may be stained 
in picro-carmine (p. 206). 

(c.) Tease a piece in .5 per cent, silver nitrate for Ranvier's 
crosses (p. 207). 

(d.) Harden a piece of nerve in alcohol for a quarter of an 
hour. Tease, place in ether for 10 minutes, transfer to 
alcohol. Stain with logwood and mount in glycerine. 
This shows the axis-cylinder and nuclei of sheath. 

(e.) Place a piece of fresh nerve in collodion to show axis- 
cylinder. This preparation only lasts for a short time 
(p. 211). 

(/.) Show with silver nitrate the endothelial sheath on one of 
the small nerves to be found in the dorsal lymph-sac, 
stretching between the back muscles and the skin 
(p. 207). 

17. Peripheral Nerve-Cells. — Use the rapid gold chloride 
(p. 79) or methylene-blue method (p. 222). 

(a.) Cells along course of aorta. Cut out the abdominal part 
of the aorta. 
Cells of sympathetic (p. 216) or 
Cells of spinal ganglia, or other ganglia (p. 2 1 5). 
[d.) Interauricular septum of the heart. The heart must be 
distended and kept fixed in this position (p. 233). 

18. Retina. — Carefully dissect out the eyeball, remove retina. 
(a.) Place a part in i per cent, osmic acid and then make 

teased preparations. One should show the pigmented 

epithelium, rods with outer segments blackened, pieces 

of the several layers, the glistening fatty globule 

rendered brownish. 
(h.) Harden a piece in absolute alcohol and tease in very 

dilute eosin. Mount in glycerine. 
(c.) Place small pieces in very dilute methylene-blue (p. 222) 

to show the nervous elements. Mount it in picro- 

glycerine (p. 222). 

19. Blood-Vesselfi. — A new frog will be required. Proceed as 
directed at p. 230. 
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(o.) Inject AgNOg (.5 per cent.), and isolate arteries, veins, 

and capillaries; best from the intestine. Mount in 

balsam. 
(6.) Show the effect of acetic acid on one of the larger vessels 

of the mesentery. 
(c) Methylene-blue injected into the vessels shows the lining 

endothelium and nerve-fibres. 

20. Blood and Blood-Corpuscles. 

(a.) Osmic acid and picro-carmine (p. 110). 

(/>.) Cover-glass preparations stained by eosinin glycerine and 
then in logwood. Or other dyes or double stain 
(p. 114). 

(r,) Coyer-glass preparations stained by methylene-blue for the 
nuclei. Pass the cover-glass three times through the 
flame of a Bunsen-burner before staining. 

(f/.) The colourless corpuscles may be stained in the methylene- 
blue specimens, but they may be specially stained by 
eosin-glycerine or indulin-glycerine, which stain certain 
granules in their protoplasm (p. 402). 

21. Fibrin (p. 119). 

22. Marrow. — Squeeze out same. 

(a.) Examine fresh in NaCl (.6 per cent.) with methyl-violet. 

(/>.) Cover-glass preparations stained with eosin-glycerine and 
logwood (p. 188). The easiest way is to pass the cover- 
glass with its adherent film of marrow three times 
through the flame of a Bunsen-bumer before staining. 

23. Motor Nerves to Muscles. — Gold method or methylene- 
blue (p. 219). 

B. From a Mammal. 

If a mammal, e.g., rat or guinea-pig, or part thereof, be given 
from which to prepare specimens, the methods are much the same 
as those described above. 

24. Areolar Tissue. — (a.) To show its histological elements the 
best plan is to inject under the skin, by means of a hypodermic 
syringe, some fluid which will form an artificial oedema, e.g., methyl- 
violet in normal saline, osmic acid (i per cent), silver nitrate 
I : 300. The first of these fluids does not alter the tissues. Excise 
a piece and examine it in the same fluid. 

(b.) Use the " semi-desiccation " method with a small piece snipped 
off* and spread out on a slide. 

(c.) Cell-spaces by means of AgNOg (p. 162). 

In addition to the methods described at p. 161 and p. 162, use 
acetic acid to show elastic fibres ; magenta to stain the latter. 

25. Tendons, e.g., rat (p. 168), and methods at p. 397. 
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26. Diaphragm. — (a.) Show its endothelial covering by means 
of AgN03, and (h) its lymj)hatics (p. 237). 

27. Adipose Tissue. — One must demonstrate the cells (Lesson 

XIL). 

(a.) Fresh, unaltered in normal saline, using either part of 

omentum or fat-cells from under skin. Seal up the 

preparation with paraffin wax. 
(h.) Action of osmic acid. 
(q^ Action of alcohol and ether to remove fats, and show 

empty envelopes. 
((/.) Harden fat-cells in alcohol and stain in logwood to show 

nuclei. 
(<;.) Subcutaneous injection of silver nitrate (i : 500) to show 

general characters of cells. 

28. Granular Cells (" Mastzellen "). — They occur in large 
numbers in the omentum of the rat Place a small part of the 
omentum in a watch-glass containing aniline-water and 20-30 drops 
of a concentrated alcoholic solution of dahlia or gentian. Heat for 
short time as directed in Lesson X. 14. Wash in distilled water 
and then in acid-alcohol until nearly everything is decolorised 
except the granular cells. The tissue may also be stained with 
lithium-carmine. Mount in balsam. The nuclei of the cells are 
red, and only the granules in the protoplasm of the granular cells 
are blue. 

The mucous membrane of a dog's tongue hardened in alcohol and 
treated in the same way shows numerous granular cells. 

29. Red Marrow of Bone.— Methods (p. 188). Use the ribs 
and heads of long bones of gumea-pig. 

The dry cover-glass method is excellent. Dry them in flame of 
spirit-lamp, or pass them three times through the flame of a Bunsen- 
burner. Stain with eosin-glycerine and then with methylene-blue 
or logwood. Many of the smaller cells will show eosinophile 
granules. 

For studying the formation of the elements of the blood in red 
marrow or other situations, the following method of Yok is good.^ 
The red marrow or blood is "fixed" in the following fluid after it 
cools : — 100 cc. Miiller's fluid is heated with 2 grams of mercuric 
chloride. Keep in a thermostat (2-3 hours) at 35* C. Harden in 
alcohol, cut sections, and stain (1-3 minutes) with the following : — 

Hsematoxylin solution {Bohmer's) , . . 25 cc. 
Safranin I per cent, watery-alcoholic solution . 20 ,, 
Water 100 ,, 

Then stain in weak picric acid. Xylol-balsam. 

* Zeits,f, vnss, Mikrosk., ix.> 1892, p. 227. 

2c 
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80. Blood Crystals (p. 120). — If it be a guinea-pig or rat use 
the defibrinated blood to obtain blood crystals. 

(a.^ Add water — haemoglobin crystals. 

{bj Add a small quantity of ether ^^^ haemoglobin ciystals. 

{c,S Add amyl nitrite = methsemoglobin crystals. 

81. Blood— Ehrlich*8 Granules. — Perhaps it might be well to 
give here a short resum^ of some of the results of Ehrlich and his 
pupils.^ Cover-glass preparations of the blood of different animals 
are made, and they are either exposed to the air to dry (^ they 
may be carefully heated for several hours at 120° C. or passed 
several times through the flame of a Bunsen-bumer). On being 
dried rapidly in the air, there is no coagulation of the cell-proteids, 
and thus the cells retain their natural tendency to stain with dye& 
As hiemoglobin is soluble in water it is better to use the dyes dis- 
solved in glycerine. 

Leucocytes. — The "granules" present in the protoplasm in the 
varieties of white blood-corpuscles vary in their reaction to staining 
reagents. Thus some are stained by what Ehrlich calls acidophile 
dyes, of which eosin is one. It is not enough that the granules are 
stained by one of these dyes. As a general rule, granules which are 
stained by all the following solutions belong to his a-granulation 
class and are " eosinophilous granules." 
1.^ Eosin in glycerine. 
[2,) Glycerine saturated with indulin. 
(3.) Concentrated watery solution of orange. 

The eosinophile cells (a granules) are always present in the leuco- 
cytes of frog's blood, marrow of frog (numerous) — very few in 
spleen— numerous also in the mesentery. In the rabbit they occur 
in the blood, marrow (very numerous), spleen (few). 

Make a cover-glass preparation and dry it either at 120* C. 
(several hours) or rapidly in the flame of a Bunsen. Stain for an 
hour (or longer) with eosin-glycerine, wash in water, dry and mount 
in balsam. Or stain cover-glass preparations in glycerine (30 cc.) 
containing 2 grams each of aurantia, indulin, and eosin. Or a 
saturated alcoholic solution of bluish-eosin may be used. 

If an eosin-indulin glycerine solution be used, the a-granulations 
are purplish-red and the nuclei well stained bluish-black by the 
indulin. 

The granular cells (" Mastzellen "), which occur so abundantly 
in the connective tissue of the frog and some other animals, also 
occur in the blood of the frog, triton, and tortoise. In man, accord- 
ing to Ehrlich, they are found only pathologically. The granules 

* FarhenanalyL Unters. z, Histol. u, Klinik des BltUes, by P. £hrlich, 
Berlin, 1891. 
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in these cells are stained by a fluid composed of 100 cc. water, 50 
cc. absolute alcohol saturated with dahlia, 10- 12. 5 cc. glacial acetic 
acid. The leucocytes are stained blue, while the granules have 
what Ehrlich calls a metachromic red-violet tint. They correspond 
to Ehrlich's y-granulations, and have been specially investigated by 
Westphal (lo<% cit.y p. 1^7). 

The 8-granulations occur especially in the mononuclear leucocytes 
of human blood. They are stained by basic dyes. 

The €-granulations, or neutrophile granules, occur in the poly- 
nucleated elements of human blood. They are stained only by 
neutral dyes, e.g., acid-fuchsin and methyl-blue. Ehrlich classifies 
dyes as addophile^ e.g., eosin, aurantia, and indulin; neutrophile^ 
e.g,, acid-fuchsin or fuchsin-S, methyl-blue ; hasophile^ e,g,^ dahlia, 
gentian-violet, fuchsin. 

Ehrlich also calls granules which attract acid dyes " oxyphile '* — 
a term adopted by Wright and Bruce, ^ whose method is described 
below. According to the latter observers, the nucleus of the leuco- 
cyte is invariably basophile, while the granules of normal leucocytes 
are oxyphile. 

Staining of Oxyphilous or Eosinophilous Granules. — Cover- 
glass preparations are fixed either by dry heat (Ehrlichia method) 
or by chemical reagents (osmic acid, HgClg). 

Float the cover-glass on a i per cent, watery solution of eosin 
(J-i min.). If it be desired to stain even more rapidly, add a trace 
of acetic acid to the fluid, when the preparation rapidly becomes 
over-stained. The surplus dye can be removed from all parts of the 
cells, except the oxyphile or eosinophilous granules, by dipping the 
cover-glass into a very dilute solution of sodic carbonate. 

Basophilous Granules. — These are best stained with Loeffler's 
methylene-blue, which stains all basophilous elements, e.^., nuclei 
and basophile granules. It may dissolve out oxyphilous granules. 
If the specimen has been already stained with eosin (the excess 
extracted by weak alkali), then only a second or so is required to 
stain with methylene-blue. Thus with care it is possible to stain 
the oxyphile and basophile elements of the leucocyte. 

These observers deny the existence of so-called neutrophile 
granules. They believe them to be really oxyphilous in their 
behaviour to stains. 

32. Stained Leucocytes. — Either one's own blood or the blood of 
an animal, or the leucocytes of lymph-glands, may be used. Use the 
dry cover-glass method, passing the cover-glass three times through 
the flame of a Bunsen-burner before staining. Excellent prepara- 
tions of the nuclei stained blue are obtained by methylene-blue 

1 BriU Med. Jour., Feb. 1893. 
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alone, or first stain in eosin and then in methylene-blue or 
hsematoxylin. For leucocytes the blood of the horse is specially 
valuable, as the white cells are so large {Sherrington). 

88. Fibrin, HsBmin, Cartilage, Muscle, Nerve, and the other 
tissues are treated as recommended for frog's tissues, and the same 
is the case with organs. 

di. Salivary Glands and Pancreas. 

Tease a small part of the parotid, or other salivary gland, or 
the pancreas, in aqueous humour to see the fresh condition of these 
glands. In the guinea-pig's glands note the zymogen granules 

A permanent preparation may be made by exposing small pieces 
to the vapour of osmic acid and mounting in glycerine. In this 
way the zymogen granules are preserved (Lesson XXIII. p. 265). 

N.B. — In this Lesson the methods stated expressly exclude com- 
plicated methods of hardening and section-cutting. 



ADDENDA. 

A. Altmann's Besearches on *' Granula " in CeUs. 

For those who wish to study Altmann's views on the constitution 
of the protoplasm and nuclei of cells, and the methods of displaying 
what he calls his "granula," we must refer to his monograph, 
entitled Die Menientarorganismen und ihre Beziehung zu den Zellen, 
Leipsig, 1 890, which contains twenty-one beautiful plates. 

B. 0breggia*8 Method for Paraffin Sections. 

The method of Obreggia (NeuroJogtschea Centralhlatty 1890) has 
been applied by Gulland (Journal of Pathology, 1893) to paraffin 
sections. The hardened tissues are embedded in paraffin, and 
ribbons of sections are cut with a rocking microtome or Minot's 
form. The sections are at once transferred to glass plates coated 
with the following solution : — 

Syrupy solution of powdered candy-sugar made with boiling 

distilled water . 30 cc. 

Absolute alcohol 20 ,, 

Transparent syrupy solution of pure dextrin made with dis- 
tilled water 10 ,, 

Pour this solution over the plates two or three days before they are 
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used ; mn off the excess ; allow the plates to dry slowly in a hori- 
zontal position and protected from dust. 

Arrange the series of sections in rows on the plates. Place the 
plates in a paraffin-oven, which is kept at a temperature slightly 
above the melting-point of the paraffin employed, and leave it there 
for a few minutes, when the embedded tissues stick fast to the 
prepared surface. 

Remove the surplus paraffin with xylol or naphtha, and then 
wash with methylated spirit or absolute alcohoL 

The spirit is run off, and the plates are covered with the following 
celloidin solution : — 

Phytoxylin ...... 6 grm. 

Absolute alcohol 100 cc. 

Pure ether 100 „ 

The plates are placed horizontally. After the thin sheet of celloidin 
solidifies, run a knife along between the rows of sections, and allow 
further evaporation to take place. 

When the sections are required plunge the plate into water ; the 
ribbons float off as the sugar is dissolved. The ribbons may be 
stained with any reagents except those which dissolve or overstain 
celloidin. Stain with very dilute Ehrlich*s acid-haBmatoxylin (p. 
69), and then wash in dilute eosin. Dehydrate the sections, and 
clarify in a mixture of xylol 3 parts and carbolic acid crystals i part, 
and mount in balsam. We have tried this method, as recom- 
mended by Gulland, and find that it works very well. Moreover, 
we found that the sections, after being floated off, can be kept in 
80 per cent, alcohol until they are required. 
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Memoranda, Aberdeen, 1880. — ^Lee and Henneguy, Traits de m^th. de I'Anat., 
Paris, 1888.— Friedl&nder and Eberth, Mik. Technik., 4th ed., Berlin, 1888. 
— Gierke, Farberei z. mik. Zwecken, Braun., 1887. — Benaut, Traits d'Histol. 
pratique, Paris, 1889. — Behrens, Kossel, and Schiefferdecker, Das Mikro- 
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Physiol., edited by Du BoiB-Bejrmond. — Viichow's Archiv.— Quarterly Micro- 
scopical Journal, London. — Journal of the Royal Microscopical Soc. , London. — 
Jour, of Anat. and Physiol., edited by Humphry, Turner, and M*Kendrick. — 
La Cellule, Louvain. — Journal de Micrographie, Paris, edited by Felletan. — 
Zeits. f. wiss. Mikrosk., edited by Behrens. — Zoolog. Anzeiger, edited by 
y. Catoi. — Intemats. Monats. f. Anat. u. Phys., edited byKrause. — Journal 
of Physiology, edited by Foeter. — Archiv ital. de Biologie, edited by MJosso. — 
Proceedings and Transactions of the Royal Society. — Comptes rendus de I'Acad. 
des Sciences. — Sitzb. d. k. Akad. d. Wissenschaft, Wien. — Archiv f. d. 
gesammte Physiologic, edited by Pfliiger. — Journal of Morphology, edited 
by Whitman, in which will be found elaborate papers by Miuot ou the Uterus 
and Placenta, and on the Ear by H. Ayers. 



B,— TABLES OF MAGNIFYIiN^G POWER OF OBJECTIVES 

AND OCULARS. 







Eyepiece No. i (A) 


Eyepiece No. 2(B) 


Eyepiece No. 4(D) 




Magnlfving 
Power of Ob- 


tiiaguifies 5 


magnifies 7I 
times ; combined 


magnifies 20 


Objective. 


times; combined 


times ; combined 




jective alone. 


with Objective 


witti Objective 


witti Objective 






magnifies 


magnifies 


magnifies 


I inch 


lO 


50 


75 


200 


tS i» 


25 


125 


187 


500 


i „ 


40 


200 


275 


800 


* ,. 


50 


250 


300 


1000 


i „ 


60 


300 


450 


1200 


i ,• 


80 


400 


600 


1600 


TIT »> 


100 


500 


750 


2000 


T5" »» 


120 


600 


900 


2400 



This table is calculated for a loinch tube, and gives approximately the 
magnifying power ; but if accuracy be required, each combination of lenses 
and objectives must be measured by the method already described at page 19. 
(After 6^6&e».) 

Hartnack's Dry Lenses. 



Objective. 


Ocular. 


No. 1. 


No. 2. 


No. 3. 


No. 4. 


4 

7 
8 

9 


40 
150 
250 
360 


50 
220 
360 

430 


65 

300 
400 

520 


• 

100 
450 
600 
850 
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Magnifying Power of Zbiss's Objectives and Oculars. 



• 




Length of Tube 155 mm. 
Ocular. 




Objective. 








N0.I. 


No. 2. 


No. 8. 


No. 4. 


A 


7 


II 


15 


22 


A* 


• • • 


4-12 


7-17 


10-24 


A, AA 


38 


52 


71 


97 


B, BB 


70 


95 


130 


175 


C, CC 


120 


145 


195 


270 


D,'DD 


175 . 


230 


320 


435 


£ 


270 


355 


490 


670 


F 


405 


540 


745 


lOIO 



The lens A* is a particularly useful low-power lens, as by merely rotating 
a collar, a great variety of magnifying power is obtained without chaugiug 
the lens. 

Magnifying Power of Leitz's Objectives and Oculars. 





Magnifying 




Length of Tube x6o mm. 




Number 


Power of 






Ocular. 






of 


Objective 












Objective. 


without 














Ocular. 


0=5.6. 


I. =6.9. 


n.=8.s. 


III. =12.7. 


IV. = 16.3. 


V. = 19.1. 


I 


3-2 


16 


21 


25 


39 


50 


60 


2 


5 


26 


34 


40 


^3 


81 


95 


3 


9 


47 


62 


72 


114 


146 


171 


4 


II 


58 


75 


88 


139 


179 


210 


5 


26 


^37 


179 


208 


330 


423 


496 


6 


34 


180 


234 


272 


431 


554 


649 


7 


47 


250 


325 


380 


600 


770 


900 


8 


60 


3-8 


414 


480 


762 


978 


1146 



0.— LIST OF MAKERS OF MICROSCOPES, ike. 

Microscopes. 
American Makers and Agents, 

Bansch & Lomb Optical Co., Rochester, N. Y. 

J. W. Queen & Co., lOio Chestnut Street, Philadelphia. 

Williams, Brown & Earle, N. E. cor. Tenth and Chestnut Sts., Philadelphia 

Eimer & Amend, 205-211 Third Avenue, New York. 

Joseph Zentmayer, 209 S. Eleyenth Street, Philadelphia. 

36 
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Foreign Makers, 

Powell k Lealand, 170 Euston Road, N. W., London. 

R. & J. Beck, 68 Cornhill, E. C, London. ' 

Swift & Son, 81 Tottenham Court Road, London. 

C. Baker, 244 High Holbom, London. 

H. Grouch, 66 Barbican, London. 

Carl Zeiss, Jena. 

K Hai-tnack, Waisenstrasse, 39, Potsdam. 

W. k H. Seibert (successors to Gundlach), "Wetzlar. 

C. Keichert, Bennogasse, 26, Vienna. 

Ernest Leitz, WetzUr. 

F. W. Shieck, Hallescbe Strasse, 14, Berlin, S.W. 

Nachet et Fils, Rue St. Severin, 1 7, Paris. 

C. Yerick, Rue des Ecoles, Paris. 

Microtomes. 

To he had from most of the dbove FirmSf and also from — 

Zimmermann, Albert Strasse, Leipzig (Maker of Minot's Microtome). 

R. Jung, Heidelberg (Maker of Tboma's Microtome). 

Scbanze, Pathologisches Institut, Liebig Strasse, Leipzig. 

W. Hume, Lothian Street, Edinburgh, 

A. Eraser, Lothian Street, Edinburgh (Maker of Cathcart's Microtome). 

J. Gardner, Teviot Place, Edinburgh (Maker of Rutherford's Microtome). 

Cambridge Scientific Instrument Co. 

Kanthack, Golden Square, off Regent Street, London. 

Chemicals and Histological Reagents. 

Hopkin k Williams, 16 Cross Street, Hatton Garden, London, E.C. 

R. k J. Beck, London. 

Baker, 244 High Holbom, London. 

Southall Brothers k Barclay, Dal ton Street, Birmiugham. 

Dr. Georg Griibler, Bayersche Strasse, 12, Leipzig. 



D. — Weights and Measures, Equivalents. 



Centigram . 

Decigram . 

Gram . 

Kilogram . 

I fluid ounce 

I fluid drachm 

I inch . 

I foot . 

icoo micros (jx) 

10 millimetres (mm.) 

100 centimetres (cm. or 

1/4 =» o.ocxx)39 inch 

I cm. . • . 

I metre 



ctm 



= . 1 54 English grains. 

— 1.543 „ 
-15-432 „ 

= 2.2 lbs. (avoird.). 
« 28 cubic centimetres. 

=- 3-9 » tt 

— 2. 539 centimetres. 

— 3.047 decimetres. 
= I millimetre. 

=» I centimetre. 

— I metre (unit of length). 
"TJihnrth inch (approximately). 
•= 0.3937 inch. 

=39.3704 inches. 
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Abbe's condenser, lo. 
Absolute alcohol, 28. 
Absorption of fat, 283. 
Acid-alcohol, 65. 
Acid-fuchsin, 74, 154. 
Acids, 30. 
Adenoid reticulum, 236. 

tissue, 172, 398. 

Adipose tissue, 168, 398, 401. 
Agminated follicles, 274. 
Air-bubbles, loi. 
Albo-carbo light, 23. 
Albuminous glands, 258. 
Alcohol, 27. 
•^— dilute, 25. 
Alkalies, 93. 
Alum carmine, 65. 
Ammoniacal carmine, 63. 
Ammonium bichromate, 25, 29. 

chromate, 25, 29. 

Amoeboid movement, iii, 117. 
Angle of aperture, 13. 
Aniline-blue, 73. 

blue-black, 76. 

dyes, 72. 

oil, 73. 

Anodou*s muscle, 201. 

Aorta, 226. 

Apochromaticlenses, 14. 

Aponeurosis, 397. 

Aqueous humour, 24. 

Arachnoid, 328. 

Areolar tisisue, 159, 161, 397, 400. 

Arrector pili, 322. 

Arsenic acid, 37. 

Arteriole, 229. 

Artery, 223. 

elastic fibres in, 233. 

endothelium of, 228. 

Articular cartilage, 150. 
Atrophic fat-cells, 171. 



Auerbach's plexus, 277, 
Axis-cylinder, 206, 2ii. 

Bacteria, 104. 
Balsam, 82, 85, 87. 
Baryta- water, 26. 
Basement membrane, 311. 
Bayerl's fluid, 36. 
Benzo-azurin, 131. 
Bile-ducts, 290. 

auto-injection of, 291. 

Bismarck brown, 75. 
Bladder, 313. 

cells of, 190, 313. 

frog's, 134, 190. 

crayfish's, 115. 

Blood, colourless corpuscles of, iio^ 

117, 122, 402. 

circulation of, 231. 

division of, 113, 

effects of reagents on, 112, 114. 

feeding of, 113. 

colourless corpuscles of, glycogen 

in, 113. 

migration of, 113. 

Blood-corpuscles, 4C». 

amphibians,' 106. 

bird, no. 

cover-glass preparations, 1 14. 

• crenation of, 1 19. 

crystals from, 120, 402. 

double staining, 1 14. 

enumeration of, 121. 

fish, no. 

frog, 106. 

human, 115. 

leuksemic, 121. 

pseudo-membrane, 1 14. 

'- tablets, 106, 123. 

Blood, effect on, of acetic acid, 107, 

112. 
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Blood aniline dyes, 121. 

of boracic acid, 109. 

of hydrochloric acid, 108. 

of magentft, 109. 

of osniic acid, i la 

of syrup, 108. 

of tannic acid, 109. 

of water, 108. 

Hlood-plates, 106, 123. 
Hlood-serum, 24. 
Bl<K)d-vessels, 223. 

injection of, 230. 

development of, 228. 

Bone, 174. 

blooid-vessels of, 179, 181. 

cancellated, 180. 

corpuscles, 177. 

decalcified, 177, 181. 

development of, 182. 

marrow of, 186. 

perforating fibres, 178. 

polarised light, 181. 

Borax-carmine, 64. 
Boveri's fluid, 213. 
Bowman's glands, 375. 
Bronchus, 297. 
Brownian movement, 100. 
Brunner's glands, 278. 

Cabinet, 2. 
Calcified cartilage, 183. 
Caliciform cells, 273. 
Camera lucida, 17. 

Abbe's, 17, 

Chevalier's, 18. 

■ Malassez's, 18. 
Camera, Zeiss's, 17. 
Camera obscura shade, 23. 
Canada balsam, 85. 
Capillaries, 224, 231. 
Capillary attraction method, 240. 
Carbolic acid and xylol, 83. 
Cardiac glands, 267. 

muscle, 199. 

Carmine, 6^, 64. 

acid-cTiloral, 282. 

and Dahlia fluid, 67. 

Frey's, 641. 

Carter's injection, 89. 
Cartilage, 146. 
articular, 150. 

■ cellular, 146. 

costal, 148, 

cuttlefish, 151. 

— — encrusting, 184. 
— epiphysial, 184. 



Cartilage, fibrous, 151. 

hyaline, 147, 397. 

parenchymatous, 146. 

transition, 155. 

Caustic potash, 25. 
Cayal's methods, 222. 
Cedar-wood oil, 83. 
Cell, animal, 141. 
Celloidin, 45. 
Cell-spaces, 162, 16S. 

of cornea, 361. 

Cellular cartilage, 146. 

Cement of tooth, 251. 

Central nervous system, staining of, 

338. 
freezing method, 339. 

Golgi's methods, 344. 

Pal's method, 343. 

Vessale's method, 344. 

Weigert's method, 338. 

Weigert-Pal method, 340. 

Central tendon, 129, 237. 

Centrifuge, 94. 

Cerebellum, 349., 

blood-vessels of, 351. 

Golgi's method, 355. 

Cerebrum, 351. 

blood-vessels of, 355. 

Golgi's method, ^57. 

Weigert's method, 357. 

Ceruminous glands, 371* 

Chalice-cells, 139, 273. 

Choroid, 362. 

pigment-cells of, 363. 

Chromic acid, 25, 28. 

and nitnc acid, 36. 

Chromo-acetic acid, ji. 

-^— aceto-osmic acid, 32. 

-^— -formic acid, 31. 

— — -osmic acid, 37. 

Ciliary muscle, 363. 

motion, 135. 

effects of reagents on, 136. 



processes, 363. 



Ciliated epithelium, 135. 

isolated cells, 138. 

Circulation of blood, 231. 

in frog's tongue, 234. 

Circumvallate papillee, 247. 
Clarifying reagents, 82. 
Clarke's column, 330. 
Clasmatocytes, 162. 
Cloves, oil of, 83. 
Coarsely-granular cells, 162. 
Cochineal, 6y, 
Cochlea, 371, 
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Cockroach, salivary glands of, 265. 
Cohuheim's areas, 200. 
Collateral fibres, 346. 
Collodion, 211. 
Colostrum, 395. 
Columnar epithelium, 131. 
Condenser, la 
Cones, 368. 

Connective tissues, 156. 
Convoluted tubules, 305. 
Copper acetate, 338, 
Cornea, 358. 

cell-si)ace8 of, 361. 

corpuscles, 359, 396. 

fibnls of, 369. 

lymph-spaces, 396. 

nerves ol- 359. 

Corrosive sublimate, 33. 
Cortex cerebri, 352. 
Cortical arteries, 355. 
Corti*8 organ, 373. 
Costal cartilage, 148. 
Cotton fibres, 102. 
Cover-glasses, i. 

to clean, 98. 

Cover-glass tester, 23. 

Crab's muscle, 196. 

Crayfish blood, 115. 

Crenation, 119. 

Crista acustica, 374. 

Creosote, 83. 

Crusta petrosa, 251. 

Cutting sections in scries, 53, 60. 

Cuttlefish cartilage, 151. 



Dahlia, 73. 
Dammar lac, 86. 
Decalcifying fluids, 36. 
Decussation of pyramids, 347. 
Demilunes, 258, 260, 265. 
Dentine, 251. 

Descemet's membrane, 359. 
Diaphragm, 129, 2^T, 401. 
Diaphragms, 7. 
Digestion methods, 26. 
Dilute alcohol, 25. 
Dissecting case, 2. 

microscopes, 22. 

Dissociating fluids, 24. 

Dogiel's method, 167. 

Drawing materials, 3. 

Dry cover-glass preparations, 1 14. 

Duck's bill, 378. 

Ductule, 257. 

Dura mater, 328. 



Ear, 371. 

cartilage, 154. 

Ebner's fluid, 37. 
Ehrlich-Biondi fluid, 81, 140. 
Ehrlich's hsematoxyliu, 69. 
Eimer, organ of, 381. 
Elastic fibres, 157, 397. 

Herxheimer's method, 161. 

Martinotti's reaction, 161. 

Embedding, 40. 

boxes, 45. 

in celloidin, 45. 

in gum, 41. 

in paraffin, 41, 44. 

interstitial, 41. 

Enamel, 251. 
End-bulbs, 378. 
Endocardium, 223. 
Endothelium, 129, 398. 

of arteries, 228. 

End-plates, 219. 
Eosin, 72. 

Eosin-hsematoxylin, 70. 
Eosinophilous cells, 122. 
Epidermis of man, 317, 325, 

of newt, 126. 

Epididymis, 387. 

Epiglottis, 11J3. 

Epiphysis, 104. 

Epithelial cells, fibrillation of, ^27. 

Epithelium, 124, 398. 

ciliated, 135. 

columnar, 131. 

-germinating, 239. 

glandular, 133. 

secretory, 133. 

squamous, 124. 

transitional, 133. 

Erlicki's fluid, 29. 
Eternod's rings, 77. 
Eye, 358. 

blood-vessels of, 369. 

triton's, 370. 

Eyelid, 369. 

Fallopian tube, 390. 
Farrant's solution, 85. 
Fat-cell, 169. 

absorption of, 283. 

action of reagents on, 169. 

-atrophic, 171. 

development of, 171. 

Fenestrated membranes, 158, 160^ 

227. 
Fibres of Tome^, 253. 
Fibrin, 119, 123. 
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FibnMrartilaffes, 151. 

Filiform papulse, 246. 

Fixatives, oa 

Fixing fltiids, 27. 

Flemming's fluid, 32. 

Fol's solution, 32. 

Formatio reticularis, 348. 

Free nenre-endings, 376. 

Freezing fluid, 5a 

Fresh tissues, examination of, 93, 396. 

Frog's bladder, 1 34. 

— heart, nerve-cells of, 233. 

tongue, 140. 

Frommaun's lines, 207, 211. 
Fuchsin, 74. 
Fundus glands, 268. 
Fungiform papillae, 247. 

Gamboge, loa 
Ganglion, spinal, 214. 

sympathetic, 216. 

Gasserian ganglion, 215. 
Gastric gland-cells, 268. 
Gaule*8 method, 61. 
Genital corpuscles, 378. 
Gentian violet, 73. 
Germinal epithelium, 389. 
Germinating epithelium, 239. 
Gland-ducts, 265. 
Glandular epithelium, 133. 
Glia-cells, 343. 
Glisson's capsule, 285. 
Glycerine, 85. 

jelly, 85. 

Glycogen, 293. 
Goblet-cells, 138, 140, 273. 
Gold chloride, 78. 
Golgi's methods, 78, 220, 344. 

slow method, 344. 

^-^ sublimate metbod, 345. 
' rapid method, 345. 

■ for retina, 369. 

Goirs column, 330. 
Graafian follicles, 389. 
Gram's method, 105. 
Grandry*8 corpuscles, 377. 
Granular cells, 156, 293, 401. 
Guanin cells, 173. 
Gustatory cells, 25a 

Ham-alttm, 71. 
Hamatein, 71. 
Hsematoxylin, 68, 71. 

acid, 69. 

Bohmer's, 68. 

DelafiiBld's, 69. 






Hsmatozylin, Ehrlich's, 69. 

eosin, 70, 

glycerine, 7a 

Hamilton's, 69. 

Heidenhain's, 7a 

■ Kleinenberg's, 69, 

Eultschitz^'s, 340. 

nucleus-staining, 69. 

Weigert's, 338. 

Haemin, 126. 
Haemoglobin, 12a 
Hsemolymph, 115. 
Hair, human, 323. 

blood-pigment in, 327, 

development of, 327. 

elements of, 324. 

rabbit's, 324. 

Hair-follicles, 321. 

coverings of, 321. 

development of, 327. 

double-staining of, 327. 

Hairs, tactile, 327. 
Half-drying method, 159. 
Hamilton's hsematoxylin, 69, 
Hardening fluids, 27, 33. 
Hard palate, 126. 
Hartnack's dry lenses, 408. 
Hassall's corpuscles, 242. 
Hay em's fluid, 122. 
Heart, 223. 

valves, 225. 

Heidenhain's method, 70, 259, 282. 
Henle's tubule, 305. 
Herbst's corpuscles, 379. 
Hermann's fluid, 384. 
Herxheimer's method, 161, 326. 
Homy epidermis, 127. 
Hot stage, 117. 
Howship's lacunae, 184. 
Hyaline cartilage, 147. 
Hypodermic 8yrin<?e, 161. 
Hypophysis cerebri, 357. 

Illumination, artificial, 21. 

direct and oblique, 7. 

Immersion lenses, 12. 
Impregnacion doble, 222, 346. 
Incremental lines, 252. 
Indigo-carmine, 67. 
Indirect cell-division, 141. 
Inflammation, 233. 
Injection mass, Sg. 

methods of, 91. 

Intercellular bridgs, 127. 

channels, 127. 

Intercostal nerve, 207. 
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Interglobular spaces, 252. 
Interlobular artery, 310. 
Intervertebral disc, 151. 
Intestinal glands, 283. 
Intestine, large, 280. 

small, 272. 

Iodine green, 74. 
Iodised serum, 25. 
Iris, 363. 

Irregular tubules, 305. 
Irrigation, 107. 

Eartokinesis, 141, 145. 
Kidney, 303. 

blood-vessels of, 306, 

convoluted tubules, 308. 

■ fresh, 311. 

glomerulus, 307. 

injected, 309. 

irregular tubules, 308. 

ijiolated tubules, 311. 

medullary ray, 309. 

Eleinenberg's liSBmatoxylin, 69. 

fluid, 3a 

Klein's fluid, 29. 
Kochs-Wolz lamp, 22. 
Eronecker's fluio, 24. 
Kiihne's method, 211. 
Kultschitzky's hematoxylin, 340. 
method, 344. 

Labels, 4. 

Lachrymal gland, 371. 
Lacteal, 273, 282. 
Landois* fluid, 26. 
Large intestine, 28a 
Leitz*s lenses, 409. 
Lens, crystalline, 364. 

epithelium of, 369. 

Lenses, apochromatic, 15. 

dry, II. 

immersion, 11. 

Leucocytes, 122, 402, 403. 
Leukaemia, 121. 
Lieberktihn's glands, 273, 280. 

mitosis in, 283. 

Ligamentuhn nuchse, 157. 
Linen fibres, 102. 
Lithium carmine, 65. 
Liver, 285. 

bile capillaries of, 291, 292 

' bile ducts, 290. 

blood-vessels of, 285, 289. 

cells, 133. ^ 

connective tissue of, 292. 

frog's, 288. 



Liver, glycogen in, 293. 

granular cells of, 293. 

human, 288. 

iron in, 293. 

methods for, 286. 

pigment in, 293. 

pig's, 286. 

rabbit's, 288. 

Lofller's blue, 93. 
Logwood, 71. 
Lugol's solution, 93. 
Lungs, 294. 

blood-vessels of, 294. 

dried, 300. 

• elastic fibres in, 300, 302. 

• foetal, 3CX). 

'fresh, 300. 

• frog's, 302. 

newt's, 302. 

Lymph, 112. 

channels, 237. 

gland, 234, 235, 245. 

Lymphatics, 234. 

Macrophages, 285. 
Macula lutea, 37a 
Magenta, 74. 
Magnifying power, 19. 

powers of objectives, 408. 

Malpighian capsule, 30x4. 
— - pyramid, 303. 
Mammary gland, 393. 

active, 395. 

Marchi's method, 212, 347. 
Margarine crystals, 17a 
Marrow, 186, 401. 
Martinotti's methods, 161. 
Mastzellen, 67, 156, 162, 401. 
May's methods, 219. 
Mayer's embedding bath, 37. 
Measures, 41a 
Medulla oblongata, 347. 

olivary bodies, 348. 

Medullary ray, 303. 

Medullated nerve-fibres, 202, 399. 

Meissner's corpuscles, 380. 

plexus, 277. 

Membrana tympani, 371. 
Mercuric chloride, 33. 

method for nervous system, 345. 

Merkel's corpuscles, 377. 
Methylated spirit, 28. 
Methylene-blue, 73, 131, 192, 222, 

370, 284. 
Methyl-green, 74. 
Methyl-mixture, 26. 
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Methyl-violet, 73. 
Micrococci, 104. 
Micrometer, 2a 
Micro-organisms, 103. 
Microphages, 285. 
Microscope, 5. 

choice of, 15. 

dissecting, 23. 

illumination of, 7. 

lamp, 21. 

magnifying power of, 19. 

makers of, 409. 

parts of, 15. 

Microtomes, 49. 

Cambridge, 53. 

• Cathcart's, 53. 

Jung's, 56. 

makers of, 410. 

Malassez*s, 56. 

Minot's, 55. 

Ranvier's, 59. 

— Roy's, 53. 

Rutherford's, 50. 

Swift's, 59. 

Thoma's, 56. 

Williams', 58. 

Misnratory cells, 157. 
Milk, 98. 
Mitosis, 141, 145. 
Mounting block, 89. 

fluids and methods, 85. 

Mole's nose, 381. 
Mucigen, 139, 260. 
Muco-salivary glands, 257, 262, 264. 
Mucous cells, 265. 

glands, 256, 258. 

tissue, 171, 174. 

Midler's fluid, 29. 

and spirit, 29. 

M ultipolarnerve-cells, 217, 343. 
Muscle, 189, 398. 

8trii)ed, 189, 398. 

Myelin, 205. 

drops, 205. 

Myeloplaxes, 187, 
Myocardium, 223. 

Nail, 326. 

double-stained, 327. 

Needles, 2. 
Nerve-cells, 213, 399. 

cover-glass preparations of, 218, 

crayfish, 223. 

in frog's heart, 221, 233. 

multipolar, 217, 343. 

• pyriform, 221. 



Nerve-cells, spinal cord, 217. 

sympathetic, 217, 222, 

transverse markings on, 207. 

Nerve-endings, 376. 
Nerve-plexuses, 27611 
Nerve-fibres, 202. 

axis-cylinder of, 205, 208, 21 1. 

- degeneration of, 213. 

in osmic acid, 206, 211. 

intercostal, 207. 

living, 212. 

medullated, 202, 399. 

non-medullated, 203, 209. 

• size of, 212. 

spinal cord, 213, 

—^ to muscle, 219. 

• transverse markings on, 207. 

Nerve-plexus in intestine, 277. 
Nerve-trunks, 203. 
Neuroglia, 341, 343. 
Neurokeratin, 210. 
Newt's cartilage, 145, 
Nitric acid, 31. 
Nodes of Ranvier, 202. 
Non-medullated nerve-fibres, 203. 
Non-striped muscle, 189. 

cement of, 191. 

grooving on, 193. 

plexus in, 192. 

Normal fluids, 24. 

saline, 24. 

Nose, 374, 376. 
Nuclear stains, 63. 

Objectives, 9. 
Obreggia's method, 404. 
Oculars, 5, 10. 
Odontoblasts, 253. 
(Esophaffus, 255. 

and stomach, 271. 

Oikoid, 109. 
Olfactory bulb, 376. 

cells, 375. 

Omentum, 129. 
Onion, 103. 

Opaque injections, 289. 
Optic nerve, 368. 

entrance of, 370. 

Origanum oil, 83. 
Osmio acid, 25, 32. 
Osmico-bichromate mixture, 345, 
Ossification, 182. 
Osteoblasts, 178. 
Osteoclasts, 183. 
Ovary, 388. 
Ovum, 390. 
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Pacinian corpuscle, 378. 
Palate, hard, 126. 

glands of, 251. 

soft, 250. 

Palm of hand, 317. 
Pal's method, 343. 
Pancreas, 262, 404. 
■ cells of, 265. 

nerves of, 266. 

Papillae foliataB, 249. 
— . — of skin, 315. 

of tongue, 246. 

Paraffin, 41. 
Penicillium, 103. 
Penis, 313. 
Perenyi's fluid, 31. 
Perforating fibres, 178. 
Pericardium, 223. 
Perioesophageal membrane, 163. 
Periodontal membrane, 252. 
Periosteum, 177. 
Peyer*s patch, 272, 274, 284. 
Phagocytosis, 284. 
Phenylene-browu, 75. 
Phloroglucin, 37. 
Photophore, 27. 
Pia mater, 228. 
Picric acid, 30, 36. 
Picrin -glycerine, 192. 
Picro- carmine, 66, '80. 
Picro-glycerine mixture, 192. 
Picro-lithium carmine, 66. 
Picro-nitric acid, 31. 
Picro-sulphuric acid, 30. 
Pigment-cells, 173, 397. ^ 

choroid, 363. 

Pipettes, 4. 
Pituitary body, 357. 
Placenta, 39 J. 

injected, 396. 

Plasma-cells, 156. 
Polariscope, 200. 
Potassio bichromate, 25, 29. 
Potato starch, too. 
Preparation of tissues, 38, 396. 
Prickle cells, 127, 318. 
Pulp cavity, 253. 
Purkiuje's cells, 351. 

fibres, 225. 

Pyloric glands, 270. 
Pyloro-duodenal region, 271. 
Pyriform nerve-cells, 221. 

Rabl*8 fluid, 31. 

Ran vier's crosses, 207, 211. 

fluid, 25. 
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Ranvier's nodes, 206, 
Razor, 3. 

Rectified spirit, 28. 
Red marrow, 187. 
Respiratory organs, 295. 
Retina, 365, 370, 399. 

cones of, 367. 

frog's, 368. 

Golgi's methods for, 369. 

macula lutea, 370. 

Retro-lingual membrane, 201. 
Rice-starch, 100. 
Ripart and Petit's fluid, 24. 
Rosanilin, 74. 

Safranin, 75. 
Salivary corpuscles, 125. 

glands, 256 404. 

-^— of cockroach, 265. 
Sarcolemma, 193. 
Sarcostyles, 198. 
Scalp, 323. 

Schiefferdecker's fluid, 26. 
Schizomycetes, 105. 
Schreger's lines, 252. 
Sebaceous glands, 323. 
Section cutting, 48. 

flatteners, 59. 

• in series, 60. 

lifter, 3. 

to place on slide, 86. 

Semicircular canals, 374. 
Semidesiccation method, 159. 
Seminiferous tubules, 382. 
Sensory nerve-terminations, 376. 
Septum cisternse, 238. 
Serial sections, 60. 
Serous fluids, 113. 

glands, 257, 261. 

nerves in, 265. 

Serum, action of, 124. 

and osmic acid, 78. 

Sharpey's fibres, 178. 
Silver lines, 129. 

nitrate, 76. 

Skin, 315. 

blood-vessels of, 325. 

cutis vera, 315. 

elastic fibres in, 326, 

epidermis of, 325. 

finger, 317. 

fcetal, J20. 

injected, 325. 

negro's, J20. 

nerves o^ 377. 

sebaceous glands of, 322. 
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Skin, sweat-glands of, 319, 327. 

toach-cor|)U8cles of, 320. 

to clean, 98. 

Slides, I. 

Small intestine, 272. 

absorption of fat, 283. 

^— blood-vessels of, 275. 

nerve-plexuses o^ 276. 

nerves of, 284. 

Soft palate, 25a 
Solitary follicles, 275, 28a 
Spermatogenesis, 383, 385. 
Spermatozoa, 386. 

cover-glass preparations, 387. 

frog's, 386. 

human, 387. 

newt*s, 386. 

Spiller's purple, 74. 
Spinal cord, 328. 

cells of, 217, 329. 

collateral fibres, 346. 

columns of, 330. 

commissures o^ 329. 

cornua, 329, 

degeneration of, 332, 347. 

dry preparation of, 342. 

fissures of, 328. 

ganglia, 213. 

prey matter o^ 334, 

human, 337. 

longitudinal section, 338. 

nerve-cells, 343. 

nerve-fibres of, 341. 

neuroglia of, 341. 

staining of, 341. 

substantia gelatinosa, 329. 

tracts in, 542. 

white matter of, 335. 

Spleen, 242. 

injected, 245. 

Squames, 125. 
Staining in bulk, 44. 

general remarks, 81. 

multiple, 80. 

reagents, 63. 

Starch, potato, 100. 

rice, icx). 

Stomach, 266. 

blood-vessels of, 271. 

cardiac end, 267. 

■ double staining of, ^71. 

methods for, 267, 

nerves of, 284. 

pyloric end, 27a 



Stomata, 239. 
Stratified epithelium, 
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Striped muscle, 193, 398. 

Anodon's, 201. 

cardiac, 199. 

crab's, 196, 20a 

discs, 195. 

fibrillse of, 195. 

frozen, 200. 

injected, 198. 

isolated fibres, 194. 

living, 200. 

red, 199. 

sarcolemma, 193. 

tendon of, 196. 

Sublingual gland, 259. 
Submaxillary glands, .259, 262, 264. 
Suprarenal capsule, 314. 

nerves of, 315. 

Sweat-glands, 319, 327. 
Sympathetic nerve-fibres, 209. 

ganglia, 216. 

nerve-cells, 222. 

Cayal's method, 222. 

Syringes, 91. 

Tactile cells, 377, 381. 

disc, 377. 

hairs, 327. 

Taste-buds, 249. 
Teasing, 26. 
Tendon, 163, 397. 
— nerves in, 221. 
Terminal corpuscles, 377. 
Testis, 387. 
Thymus gland, 241. 
Thyroid i^and, 301. 
Tizzoni's reaction, 293. 
Tongue, 246. 

circulation in, 234. 

frog's, 140. 

^land of, 251. 

injected, 248. 

nerves of, 251. 

papillae of, 246. 

Tonsils, 239. 
Tooth, 251. 

development of, 253, 

softened, 252. 

Touch-corpuscle, 380. 
Trachea, 294. 

Transitional epithelium, 133. 
Tubules isolated of kidney, 311. 

ITmbiltcal cord, 395. 
Unna's method, 327. 
Ureter, 312. 
Uterus, 392, 
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Valentin's knife, 49. 

Valves of heart, 225. 

Vas deferens, 388. 

Vegetable cells, 103. 

Veins, 224, 230. 

Verniiform appendix, 281, 284. 

Vessale's method, 344. 

Vesuvin, 76. 

Villus of intestine, 272, 280, 282. 

injected, 275. 

Volkmann's canals, 176. 
Von Ebner's fluid, 37. 

"Wagner's touch-corpuscles, 380. 
Warm stages, 117. 
"Weigert's haematoxylin, 338. 
■ method for staining central ner- 
vous system, 338. 



Weigert-Pal method, 340. 
Weights, 410. 
Welsbach light, 22. 
Westphal's fluid, 67. 
Wharton's jelly, 171. 
White fibro-cartilage, 152. 

zinc cement, 89. 

Wool, 102, 324. 
Works of reference, 406. 

Xylol, 83. 
balsam, 86. 

Yeast, 104. 

Zbiss's lenses, 409. 
Zinc cement, 89. 
Zooid, 109. 
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"An exceOent Series of M»nua]»"—Arckwft^ Gjmifcoitgf* 

A NEW SERIES OF 

STUDENTS' MANUALS 

On the various Branches of Medicine and Surgery. 

Can be used by Students of any CoUeg^e. 

Prioe of each, Handtome Cloth, $3.00. Full Leather, $3.50 

The object of this series is to fumbh good manuals 
for the medical student, that will strike the medium 
between the compend on one hand and the prolix text- 
book on the other — to contain all that is necessary for 
the student, without embarrassing him with a flood of 
theory and involved statements. They have been pre- 
pured by well-known men, who have had large experience 
as teachers and writers, and who are, therefore, well 
informed as to the needs of the student. 

Their mechanical execution is of the best — good type 
and paper, handsomely illustrated whenever illustrations 
are of use, and strongly bound in uniform style. 

Each book . is sold separately at a remarkably low 
price, and the immediate success of several of the 
volumes shows that the series has met with popular 
favor. 

No. 1. SIJBGEB7. 318 Illustrations. 

Third Edition. 

A Manual of the Practice of Surgery. By Wm. J. 

Walsh AM, m.d., Asst. Surg, to, and Demonstrator of 

Surg, in, St. Bartholomew's Hospital, London, etc. 

318 Illustrations. 

Presents the introductory facts in Surgery in clear, precise 
language, and contains all ^the latest advances in Pathology, 
Antiseptics, etc. 

'* It aims to occupy a position midway between the pretentious 
manual and the cumbersome System of Surgery, and its general 
character may be summed up in one word — practical." — The MetU- 
eal BulUtin. 

*' Walsham, besides being an excellent surgeon, is a teacher in 
ils best sense, and having had very great experience in the 
preparation of candidates for examination, and their subsequent 
professional career, may be relied upon to have carried out his 
work successfully. Witnout following out in detail his arrange- 
ment, which is excellent, we can at once say that his book is aa 
embodiment of modem ideas neatly strung together, with an amount 
of careful organisation well suited to the candidate, and, indeed, to 
the practitioner." — British MtdictU Journal, 

Price of eaoh Book, Cloth, $3.00 ; Leather, I3.S0. 



THE NEW SERIES OF MANUALS. 



No. 2. DISEASES OF ^VOMEN. 160 lUus. 

SECOND EDITION. 

The Diseases of Women. Including Diseases of the 
Bladder and Urethra. By Dr. F. Winckel, Professor 
of Gynaecology and Director of the Royal University 
Qinic for Women, in Munich. Second Edition. Re- 
vised and Edited by Theophilus Parvin, m.d., 
Professor of Obstetrics and Diseases of Women and 
Children in Jefferson Medical College. 150 Engrav- 
ings, most of which are original. 
" The book will be a valuable one to physicians, and a safe and 

satisfactory one to put into the hands of students. It is issued in a 

neat and attractive form, and at a very reasonable price."— ^m^Imv 

Mtdical and Surgical Journal . 

No. 3. ANATOMY. Sixth Edition. 

3XX ILLUSTRATIONS. 

Holden's Anatomy. A Manual of the Dissections of 
the Human Body. By John Langton, f. r. c. s., Sur- 
geon to, and Lecturer on Anatomy at, St. Bartholo- 
mew's Hospital. Carefully Revised by A. Hewson, 
M.D., Demonstrator of Anatomy, Jefferson Medical 
College; Chief of Surgical Clinic, Jefferson Hospital; 
Mem. Assoc. Amer. Anatomists, etc. 311 Illustrations. 
This book comes bound in oil- cloth — price $3.00— as 
well as in the regular cloth and leather styles. 
" The work before us is a brilliant example of the new order of 

text-books. * ♦ * We would call special attention to the character 

of the illustrations with which the volume is bountifully furnished." 

— American Journal of Medical Sciences. 

No. 4. PHYSIOLOGY. Sixth Edition. 

354 ILLUSTRATIONS AND A GLOSSARY. 
A Manual of Physiology. By Gerald F. Yeo, m.d., 

F.R.c s., Professor of Physiology in King's College, 

London. 254 Illustrations and a Glossary of Terms. 

Sixth American from last English Edition, revised and 

improved. 

This volume was specially prepared to furnish students with a 

new text-book of Physiology, elementary so far as to avoid theories 

which have not borne the test of time and such details of methods 

as are unnecessary for students in our medical colleges. 

"The brief examination I have given it was so favorable that I 
placed it in the list of text-books recommended in the circular of the 
University Medical College." — Pro/. Ltwit A. Stimfon^ m.d., 
y7 East 33d Street ^ New York. 

Price of each Book, Cloth, $3.00 ; Leather, $3.60. 
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No. 6. DISEASES OF OHIIiDBEN. 

SECOND EDITION. 

A Manual. By J. F. Goodhart, m.d., Phjs. to the 
Evelina Hospital for Children; Ass't Phys. to 
Guy's Hospital, London. Second American Edition. 
Edited and Rearranged by Louis Starr, m.d., Clinical 
Prof, of Dis. of Children in the Hospital of ^e Univ. 
of Pennsylvania, and Physician to the Children's Hos- 
pital, Phila. Containing many new Prescriptions, a list 
of over 50 Formulae, conforming to the U. S. Pharma- 
copoeia, and Directions for maJeing Artificial Human 
Milk, for the Artificial Digestion of Milk, etc. Illus. 

" A safe and reliable guide, and in many ways admirably adapted 
to the wants of the itudent and practitioner." — American Journal 
0/ Medical Science. 

No. 6. MATERIA MEDIO A, PHARMACY, 
PHARMAOOLCXShY. AND THERA- 

PEUnOS. SECOND EDITION. 

A Handbook for Students. By Wm. Hale White, 
M.D., F.R.C.P., etc.. Physician to, and Lecturer on Ma- 
teria Medica, Guy's Hospital; Examiner in Materia 
Medica, Royal College of Physicians, London, etc. 
Second Edition. Revised and Enlarged by Reynold 
W. Wilcox, m.a., m.d., Prof, of Clinical Medicine and 
Therapeutics, New York Post-Graduate Medical School ; 
Ass't Visiting Physician Bellevue Hospital. 661 pages. 

" This is a well-arranged, concise, and handy work on materia 
medica, excellent as a reference manual or as a text-book for 
students attending lectures on the subject." — New York Medical 
Record. 

No. 7. MEDIO Ali JURISPRUDENCE AND 

TOXICOLOGY. THIRD EDITION. 

By John J. Reese, m.d., Professor of Medical Jurispru- 
dence and Toxicology in the University of Pennsyl- 
vania ; President of the Medical Jurisprudence Society 
of Phila. ; Third Edition, Revised and Enlarged. 

"This admirable text-book." — Amer.Jour. of Med. Sciences, 
" We lay this volume aside, after a careful perusal of its pages, 
with the profound impression that it should be m the hands of every 

doctor and lawyer. It fully meets the wants of all students 

He has succeeded in admirably condensing into a handy volume all 
the essential points." — Cincinnati Lancet and Clinic, 

Pric« of each Book, Cloth, $3.00 ; Leather, $3.60. 



THE NEW SERIES OF MANUALS. 



No. 8. DISEASES OP THE BYE. 164Illus. 

FOURTH EDITION. 
Diseases of the Eye and their Treatment. A Handbook 
for Physicians and Students. By Henry R. Swanzy, 
A.M., M.B., F.R.C.S.I., Surgeon to the National Eye and 
Ear Infirmary ; Ophthalmic Surgeon to the Adelaide 
Hospital, Dublin; Examiner in Ophthalmic Surgery 
in the Hoyal University of Ireland. Fourth Edition, 
Thoroughly Revised. 164 Illustrations and a Zephyr 
Plate for Testing Color Blindness. 518 pages. 

" Mr. Swanzy has succeeded in producing the most intellectually 
conceived and thoroughly executed resumi of the science within 
the limits he has assigned himself. As a 'students' handbook/ 
small in size and moderate in price, it can hardly be equaled."— 
Medical Nettts. 

'* A full, clear, and comprehensive statement of Eye Diseases 
and their treatment, practical and thorough, and we feel fully jus- 
tified in commending it to our readers. It is written in a clear and 
forcible style, presenting in a condensed yet comprehensive form 
current and modem information that will prove alilce beneficial to 
the student and general practitioner." — Southern Pretctitiomr, 

No. 9. MENTAL DISEASES. 

WITH ILLUSTRATIONS. 
Lectures on Mental Diseases, designed for Medical Stu- 
dents and General Practitioners. By Henry Putnam 
Stearns, a.m., m.d., Physician Superintendent at the 
Hartford Retreat, Lecturer on Mental Diseases in Yale 
University, New Haven, Conn., Hon. Mem. British 
Psycho. Asso*n, etc. With Illustrations and a Digest of 
the Laws of the various States relating to the Commit- 
ment and Care of the Insane. 636 pages. 

No. 10. MEDIOAIi CHEMISTRY. 

THIRD EDITION. ILLUSTRATED. 

A Text-Book of Medical and Pharmaceutical Chemistry. 

By E. H. Bartley, m.d., Professor of Chemistry 

and Toxicology at Long Island College Hospital, 

Chief Chemist Board of Health, Brooklyn, N. Y., etc. 

With Glossary and Illustrations. 684 pages. 

" It is with pleasure that we notice what is probably the best 
chemistry for medical students — for its size — now in the market. 
Prof. Bartley has written the book because he had something to 
say; and he has said it well." — The Journal of the American 
Medical Association^ Chicago, III. 

Price of each Book, Cloth, $3.00 ; Leather, $3.60. 
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ANATOMY. 

Morris' New Text-Book- on Anatomy. Now Ready. By 
ten leading Surgeons and Anatomists, and Edited by Henry 
Morris, p.r.c.s. 791 Specially Engraved Illustrations, 214 ot 
which are printed in colors. Octavo. 1280 pages. 

Price in Cloth, 7.50 : Sheep, 8.50 ; Half Russia, 9,50 
*«* Send for Descriptive Circular and Sample Pages. 

Macalister*s Human Anatomy. 816 Illustrations. A new 
Text-book for Students and Practitioners, Systematic and Topo- 
graphical, including the Embryology, Histology, and Morphology 
of Man. With special reference to the requirements of 
Practical Surgery and Medicine. With 816 Illustrations, 
400 of which are original. Octavo. Cloth, 7.50; Leather, 8.50 

Ballou's Veterinary Anatomy and Physiology. Illustrated. 
By Wm. R. Ballou, m.d., Professor of Equine Anatomy at New 
York College of Veterinary Surgeons. 29 graphic Illustrations, 
xamo. Cloth, X. 00; Interleaved for notes, 1.35 

Holden's Dissector. A manual of Dissection of the Human 
Body. Sixth Edition. Edited by A. Hewson, m.d.. Demonstra- 
tor of Anatomy at Jefferson Medical College. 311 Illustrations, 
many of which are new. Oil-cloth, 3.00; Sheep, 3.50 

Holden's Human Osteology. Comprising a Description of the 
Bones, with Colored Delineations of the Attachments of the 
Muscles. The General and Microscopical Structure of Bone and 
its Development. With Lithographic Plates and Numerous Illus- 
trations. Seventh Edition. 8vo. Cloth, 6.00 

Holden's Landmarks, Medical and Surgical. 4th Ed. Clo., 1.35 

Potter's Compend of Anatomy. Fifth Edition. Enlarged. 
x6 Lithographic Plates. 117 Illustrations. Seepage 14. 

Cloth, 1. 00; Interleaved for Notes, x.95 

CHEMISTRY. 

Hartley's Medical and Pharmaceutical Chemistry. Third 
Edition. Prepared specially for Medical, Pharmaceutical, and 
Dental Students. 60 Illustrations, Plate of Absorption Spectra, 
and Glossary. Revised and Enlarged. Cloth, 3.00 

Trimble. Practical and Analytical Chemistry. A Course in 
Chemical Analysis, by Henry Trimble, Prof, of Analytical Chem- 
istry in the Phila. College of Pharmacy. Illustrated. Fourth 
Edition, Enlarged. 8vo. Qoth, x.50 

Bloxam's Chemistry, Inorganic and Organic, with Experiments. 
Seventh Edition. a8x Illustrations. Cloth, 4.50; Leather, 5.50 
49" See Petge* a to s for list of Students* Manuals. 
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Richter's Inorganic Chemistry. Fourth American, from Sixth 
German Edition. Translated by Prof. Edgar F. Smith, ph.d. 
89 Wood Engravings and Colored Plate of Spectra. Cloth, 9.00 

Richter's Organic Chemistry, or Chemistry of the Carbon 
Compounds. Illustrated. Second Edition. Cloth, 4.50 

Bymonds. Manual of Chemistry, fomhe special use of Medi- 
cal Students. By Brandrbth Symonds, a.m., m.d., Asst. 
Physician Roosevelt Hospital, Out- Patient Department ; Attend- 
ing Physician Northwestern Dbpensary, New York. Cloth, 9.00 

Leffmann's Compend of Medical Chemistry. Including 
Urinary Analysis. Third Edition. Revised. 
See page iS- Cloth, z.oo; Interleaved for Notes, 1.95 

Muter. Practical and Analytical Chemistry. Fourth Edi- 
tion. Revised, to meet the requirements of American Medical 
Colleges, by Prof. C. C. Hamilton. Illustrated. Cloth, 1.95 

Holland. The Urine, Common Poisons, and Milk Analysis, 
Chemical and Microscopical. For Laboratory Use. Fourth 
Edition, Enlarged. Illustrated. Qoth, x.oo 

Woody. Essentials of Chemistry for the Medical Student. 
Third Edition. Cloth, z.95 

CHILDREN. 

Qoodhart and Starr. The Diseases of Children. Second 
Edition. By J. F. Goodhart, m.d.. Physician to the Evelina 
Hospital for Children; Assistant Physician to Guy's Hospital, 
London. Revised and Edited by Louis Starr, m.d.. Clinical 
Professor of Diseases of Children in the Hospital of the Univer- 
sity of Pennsylvania; Physician to the Children's Hospital, 
Philadelphia. Containing many Prescriptions and Formulae, 
conforming to the U. S. Pharmacopoeia, Directions for making 
Artificial Human Milk, for the Artificial Digestion of Milk, etc. 
Illustrated. Qoth, 3.00; Leather, 3.50 

Hatfield. Diseases of Children. By M. P. Hatfield, m.d., 

• Professor of Diseases of Children, Chicago Medical College. 

Colored Plate. x9mo. Cloth, z.oo; Interleaved, x.95 

Starr. Diseases of the Digestive Organs in Infancy and 
Childhood. With chapters on the Investigation of Disease, 
and on the General Management of Children. By Louis Starr, 
M.D., Clinical Professor of Diseases of Children in the Univer- 
sity of Pennsylvania. Illus. Second Edition. Cloth, 9.95 
Set page* 14 and /jr />r lut 0/fQuiz'C0mpend*t 
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DENTISTRY. 
FillebrowD. Operative Dentistry. 330 lUus. Cloth, a.so 

Flagg'8 Plastics and Plastic Filling. 4th Ed. Cloth, 4.00 
Qorgas. Dental Medicine. Fourth Edition. Cloth, 3.90 

Harris. Principles and Practice of Dentistry. Including 
Anatomy, Physiology, Pathology, Therapeutics, Dental Stxigery 
and Mechanism. Twelfth Edition. Revised and enlarged by 
Professor Gorgas. 1028 Illustrations. Qoth, 7.00 ; Leather, 8.00 
Richardson's Mechanical Dentistry. Sixth Edition. By 
Warren. 6co Illustrations. 8vo. Cloth, 4.50; Leather, 5.50 
Sewill. Dental Surgery. 200 Illustrations. 3d Ed. Clo., 3.00 
Taft's Operative Dentistry. Dental Students and Practitioners. 
Fourth Edition, zoo Illustrations. Qoth, 4.95 ; Leather, 5.00 
Talbot. Irregularities of the Teeth, and their Treatment. 
Illustrated. 8vo. Second Edition. Qoth, 3.00 

Tomes' Dental Anatomy. Fourth Ed. 235 Illus. Qoth, 4.00 
Tomes' Dental Surgery. 3d Edition. 992 lUus. Qoth, 5.00 
Warren. Compend of Dental Pathology and Dental Medi- 
cine. Illustrated. 2d Ed. Qoth, z.oo; Interleaved, 1.35 

DICTIONARIES. 

Gould's Student's Medical Dictionary. ConUining the Defi< 
nition and Pronunciation of all words in Medicine, with many 
useful Tables, etc. 

}i Dark Leather, 3.95 ; % Mor., Thumb Index, 4.85 
Qould's Pocket Dictionary. xa,ooo Medical Words Pro- 
nounced and Defined. Containing many Tables and an 
Elaborate Dose List. Thin 64mo. 

Leather, gilt edges, x.oo; with Thumb Index, 1.95 

Harris' Dictionary of Dentistry. Fifth Edition. Completely 
revised by Prof. Cforgas. Cloth, 5.00; Leather, 6.00 

Cleaveland's Pronouncing Pocket Medical Lexicon. Small 
pocket size. Cloth, red edges .75 . pocket-book style, x.oo 

Lon^ley's Pocket Dictionary. The Student's Medical Lexicon, 
giving Definition and Pronunciation , with an Appendix giving 
Abbreviations used in Prescriptions, Metric Scale of Doses, etc. 
24mo. Cloth, x.oo; pocket-book style, z. as 

EYE. 

Hartridge on Refraction. 5th Edition. Illus. Cloth, 9.00 

Swanzy. Diseases of the Eye and their Treatment. 176 
Illustrations. Fourth Edition. Cloth, 3 00 ; Leather, 3.50 

Fox and Gould. Compend of Diseases of the Eye and 
Refraction. 9d Ed. Enlarged. 71 Illus. 39 Formula. 

Cloth, x.oo ; Interleaved for Notes, 1.95 

See page* a /# S/^ l**^ ^f Students' Afanualt. 



STUDENTS' TEXT-BOOKS AND MANUALS. 9 

ELECTRICITY. 

Bigelow. Plain Talks on Medical Electricity. Cloth, x.oo 

Mason's Compend of Medical Electricity. Cloth, x.oo 

Steavenson and Jones. Medical Electricity. A Practical 

Handbook. Just Ready. Illustrated, xamo. Cloth, 2.50 

HYGIENE. 

Coplin and Bevan. Practical Hygfiene. By W. M. L. Cop- 
tin, Adjunct Professor of Hygiene, Jefferson Medical College, 
Philadelphia, and Dr. D. Bevan. Illustrated. Cloth, 4.00 

Parkes' (Ed. A.) Practical Hygiene. Seventh Edition, en- 
larged. Illustrated. 8vo. Cloth, 4.50 

Parkes' (L. C.) Manual of Hygiene and Public Health. 
Second Edition, xamo. Cloth, 3.50 

Wilson's Handbook of Hygiene and Sanitary Science. 
Seventh Edition. Revised and Illustrated. Cloth, 3.25 

MATERIA MEDICA AND THERAPEUTICS. 

Potter's Compend of Materia Medica, Therapeutics, and 
Prescription Writing. Fifth Edition, revised and improved. 
Stepage is. Qoth, x.oo; Interleaved for Notes, z.as 

Davis. Essentials of Materia Medica and Prescription 
Writing. By J. Aubrey Davis, m.d.. Demonstrator of Obstet- 
rics and Quiz-Master on Materia Medica, University of Penn- 
sylvania, lamo. Interleaved. Net, x.50 

Biddle's Materia Medica. Twelfth Edition. By the late 
John B. Biddle, M.D. Revised by Qement Biddle, m.d. 8vo. 
Illustrated. Cloth, 4.25; Leather, 5.00 

Potter. Handbook of Materia Medica, Pharmacy, and 
Therapeutics. Including Action of Medicines, Special Thera- 
peutics, Pharmacology, etc. By Saml. O. L. Potter, m.d., 
M.R.c.p. (Lond.), Professor of the Practice of Medicine in 
Cooper Medical College, San Francisco. Fifth Revised and 
Enlarged Edition. 800 pages. 8vo. Qoth, 4.00; Leather, 5.00 

Sayre. Organic Materia Medica and Pharmacognosy. 
A Handbook of Pharmacy and Medicine. By L. E. Sayre, 
PH.G., Professor of Pharmacy and Materia Medica, University 
of Kansas ; Member Committee of Revision of U. S. P. 400 
Illustrations. 8vo. Nearly Ready. 

4V Se0 Paget 14 and /f /or list of t Quiu'Compendt f 
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White and Wilcox. Materia Medica, Pharmacy, Phar- 
macology, and Therapeutics. A Handbook for Students. 
By Wm. Hale White, m.d., f.r.c.p., etc.. Physician to and 
Lecturer on Materia Medica, Guy's Hospital. Revised by 
Reynold W. Wilcox, m.d., Professor of Clinical Medicine and 
Therapeutics at the New York Post Graduate Medical School, 
Ass't Physician Bellevue Hospital, etc. Clo.,3.00; Lea., 3.50 

MEDICAL JURISPRUDENCE. 

Reese. A Text-book of Medical Jurisprudence and Toxi- 
cology. By John J. Reese, m.d.. Prof, of Medical Jurispru- 
dence and Toxicolosy in the Medical Depart., University of 
Pennsylvania. Third Edition. Cloth, 3.00 ; Leather, 3.50 

NERVOUS DISEASES. 

Gowers. Manual of Diseases of the Nervous System. 
A Complete Tcxt.book, By William R. Gowers, m.d., Prof. 
Clinical Medicine, University College, London. Physician to 
National Hospital for the Paralyzed and Epileptic. Second 
Edition. Revised, Enlarged, and in many parts Rewritten. 
With many new Illustrations. Octavo. 

Vol. I. Diseases of the Nerves and Spinal Cord. 616 

pages. Cloth, 3.50 

Vol. IL Diseases of the Brain and Cranial Nerves. 
General and Functional Diseases. 1069 pages. Cloth, 4.50 

Ormerod. Diseases of Nervous System, Student's Guide to. 
By J. A. Ormerod, m.d., Oxon., f.r.c.p. ^London), Mem. Path., 
Clin., Ophthal., and Neurological Societies; Phys. to National 
Hospital for Paralyzed and Epileptic ; Dem. of Morbid Anatomy, 
St. Bartholomew's Hospital, etc. 75 Illustrations. Cloth, 2.00 

OBSTETRICS AND GYNECOLOGY. 

Davis. A Manual of Obstetrics. By Edw. P. Davis, Clinical 
Lecturer on Obstetrics, Jefferson Medical College, Philadelphia. 
16 Plates, and 134 Illustrations. i2mo. 2d Edition. Qoth, 2.50 

Byford. Diseases of Women. By W. H. Byford,M.D., Prof, 
of Gynaecology in Rush Medical College and of Obstetrics in the 
Woman's Medical College, etc., and H. T. Byford, m.d.. Sur- 
geon to the Woman's Hospital, Chicago. Fourth Edition. En- 
larged. 306 Illustrations, over 100 of v^ich are original. Octavo. 
833 pages. Cloth, 3.00 ; Leather, 2.50 

Lewers' Diseases of Women. A Practical Text-book. 139 
Illustrations. Second Edition. Cloth, 9.50 

Wells. Compend of Gynaecology. Illustrated. Cloth, z.oo 

Winckers Obstetrics. A Text-book on Midwifery, includ- 
ing the Diseases of Childbed. By Dr. F. Winckef, Professor 
of Gynaecology, University of Munich. Authorized Translation, 
by J. Clifton Edgar, m.d.. Lecturer on Obstetrics, University 
Medfical College, New York. Nearly 200 handsome Illustrations. 
8vo. Cloth, 6.00; Leather, 7.00 

' -S^^ pages 2 to S-fo^ ^i^i of New Manuals, 
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Obstetrics and Gynacology : — Continued. 

Parvin's Wixickel's Diseases of Women. Second Edition. 
Including a Section on Diseases of the Bladder and Urethra. 
150 Illus. Revised. Seepages. Cloth, 3.00 ; Leather, 3.50 

Landis' Compend of Obstetrics. Illustrated. 5th Edition, 
Enlarged. By Wells. Cloth, x.oo; Interleaved for Notes, x.35 

PATHOLOGY, HISTOLOGY, ETC. 

Stirling. Outlines of Practical Histology. A Manual for 
Students, ad Edition. 368 lUustrations. 12010. Qoth, 3.00 

Wethered. Medical Microscopy. By Frank J. Wethered. 
M.D., M.R.c.P. 98 Illustrations. Ooth, 3.50 

Hall. Compend of General Pathology and Morbid Anat- 
omy. 91 very fine Illustrations. Qoth, i.oo; Interleaved, 1.25 

Gilliam's Essentials of Pathology. A Handbook for Students. 
47 Illustrations. i2mo. Cloth, .75 

Virchow's Post-Mortem Examinations. 3d Ed. Qoth, x.oo 

PHYSICAL DIAGNOSIS. 

Tyson's Student's Handbook of Physical Diagnosis. Illus- 
trated. Second Edition, Enlarged, zamo. Cloth, 1.50 

PHYSIOLOGY. 

Yeo's Physiology. Sixth Edition. The most Popular Stu- 
dents' Book. By Gerald F. Yeo, m.d., p.r.c.s.. Professor of 
Physiology in Ring's College, London. Small Octavo. 354 
carefully printed lUustrations. With a Full Glossary and Index. 
Seepa^S, Qoth, 3.00; Leather, 3.50 

Brubaker's Compend of Physiology. Illustrated. Seventh 
Edition. Cloth, z.oo; Interleaved for Notes, x.25 

Kirke's Physiology. New X3th Ed. Thoroughly Revised and 
Enlarged. 502 Illustrations, some of which are printed in colors. 
{_BlakistoH*s Authorized Edition,) Red CI. , 4.00 ; Leather, 5.00 

Landois' Human Physiology. Including Histology and Micro- 
scopical Anatomy, and with special reference to Practical Medi- 
cine. Fourth Edition. Translated and Edited by Prof. Stirling. 
845 Illustrations. Qoth, 7.00 ; Leather, 8.00 

PRACTICE. 

Taylor. Practice of Medicine. A Manual. By Frederick 
Taylor, m.d.. Physician to^ and Lecturer on Medicine at, Guy's 
Hospital, London ; Ph^ician to Evelina Hospital for Sick Chil- 
dren, and Examiner m Materia Medica and Pharmaceutical 
Chemistry, University of London. Cloth, 2.00; Leather, 2.50 

Roberts* Practice. Revised Edition. A Handbook of the 
Theory and Practice of Medicine. By Frederick T. Roberts, 
M.D., M.R.C.P., Professor of Qinical Medicine and Therapeutics 
in University College Hospital, London. Seventh Edition. 
Octavo. Cloth, 5.50 ; Sheep, 6.50 

49" See page* 14 and ts/or list •/ 1 Quiz- Camptnds t 
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Practice : — Continued. 

Hughes. Compend of the Practice of Medicine. 5th Edi- 
tion, Enlarged. 

Two parts, each. Cloth, xxx>; Interleaved for Notes, z.as 
Part i. — Continued, Eruptive and Periodical Fevers, Diseases 

of the Stomach, Intestines, Peritoneum, Biliary Passages, Liver, 

Kidneys, etc., and General Diseases, etc. 
Part ii. — Diseases of the Respiratory System, Circulatory 

System, and Nervous System : Diseases of the Blood, etc. 
Physicians* Edition. Fifth Edition. Including a Section 
on Skin Diseases. With Index, i vol. Full Morocco, Gilt, 9.50 

From John A. Robinson^ M.D.^ Assistant to Chair of Clinical 
Medicine, MOW Lecturer on Materia Medica, Rush Medical Col- 
l*£f, Chicago. 
"Meets with my hearty approbation as a substitute for the 

ordinary note books almost universally used bv medical students. 

It is concise, accurate, well arranged, and lucid. . . . just the 

thing for students to use while studying physical diagnosis and the 

more practical departments of medicine. 

Wythe's Dose and Symptom Book. Containing the Doses 
and Uses of all the principal Articles of the Materia Medica, etc. 
Seventeenth Elditk>n. Completely Revised and Rewritten, jamo. 

Qoth, x.oo; Pocket-book style, z.a5 

PHARMACY. 

Bartley. Medical and Pharmaceutical Chemistry. Third 
Edition. Cloth, 3 00 : Leather, 3.50 

Coblent2. Manual of Pharmacy. Illustrated. By Virgil 
Coblentz,PH d.. Professor of Theory and Practice of Pharmacy, 
College of Pharmacy of City of New York. Octavo. 500 pages. 

Cloth. 4.00 

U. S. Pharmacopoeia, z8go, 7th Revision. 
Cloth, net, 2 50 ; Sheep, net, 3 00. (Add 27 cents if to go by mail.) 

Sayre. Organic Materia Medica and Pharmacognosy. 
4C0 Illustrations. See page g. Nearly Ready. 

Stewart's Compend of Pharmacy. Based upon Remington's 
Text-book of Pharmacy. Fourth Edition, Revised in accordance 
with new U. S P., 1890. Clothe x.oo ; Interleaved for Notes, 1.35 

Robinson. Latin Grammar of Pharmacy and Medicine. 
By H. D. Robinson, fh.d.. Professor of Latin Language and 
Literature, Universi^ of Kansas, Lawrence. With an Intro- 
duction by L. £. Sayre, ph.g.. Professor of Pharniacy in, and 
Dean of, the Dept. of Pharmacy, University of Kansas. i2mo. 
Second Edition. Cloth,3.oo 

SKIN DISEASES. 

Crocker. Diseases of the Skin, their Description, Pathology, 
Diagnosis, and Treatment, with Special Reference to the Skm 
Fruptions of Children. By H. RadclifTe Crocker, f.r.c p., Phyw 
sician for Diseases of the Skin in L'niversity College Hospitad. 
Second Edition. Revised and Enlarged, with 92 Wood-cuts. 

Cloth, 5.00 

Van Harlingen on Skin Diseases. Third Edition. Enlarged 
and Illustrated. i2mo. In Press, 

4V See pages a to 5 for list ^New Manuals. 
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SURGERY AND BANDAGING. 

Moullin's Surgerjr, by Hamilton. 600 Illustrations (some 
colored), 200 of which are original. Second Edition. 

Cloth, net, 7.00; Leather, net, 8.00; Half Russia, net, 9.00 

\* Complete circulars, with sample pages and Illustrations, free 
upon application. 

JacobsoD. Operations in Surgfery. A Systematic Handbook 
for Physicians, Students, and Hospital Surgeons. By W. H. A. 
Jacobson, b.a. Oxon., f.r.c.s. Eng.; Ass't Surgeon Guy's Hos- 
pital ; Surgeon at Royal Hospital for Children and Women, etc. 
199 Illustrations. xoo6 pages. 8vo. Cloth. 5.00; Leather, 6.00 

Heath's Minor Surgery, and Bandaging. Tenth Edition. 158 
Illustrations. 62 Formulae, and Diet Lists. Cloth, 9.00 

Horwitz's Compend of Surgery, Minor Surgerv and 
Bandaging, Anmutations, Fractures, Dislocations, Surgical 
Diseases, and the Latest Antiseptic Rules, etc., with Differential 
Diagnosis and Treatment. By Orvillb Hokwitz, b.s., m.d.. 
Demonstrator of Surgery, Jefferson Medical College. 5th Edition* 
Enlarged and Rearranged. Many new Illustrations and Formulae. 
x2mo. Cloth, 1.00 ; Interleaved for the addition of Notes, z.as 

*«* The new Section on Bandaging and Surgical Dressings con- 
sists of 32 Pages and 41 Illustrations. "Every Banda^ of any 
importance is figured. This, with the Section on Ligation ot 
Arteries, forms an ample Text-book for the Surgical Laboratory. 

Walsham. Manual of Practical Surgery. Third Edition. 
Bv Wm. J. Walsham. m.d., f.r.c.s., Asst. Surg, to, and Dem- 
o( Practical Surg, in, St. Bartholomew's Hospital; Surgeon to 
Metropolitan Free Hospital, London. With 318 Engravings. 
Sg* /ag^e a. Qoth, 3.00 ; Leather, 3.50 

URINE, URINARY ORGANS, ETC. 

Holland. The Urine, and Common Poisons and The 
Milk. Chemical and Microscopical, for Laboratory Use. Illus- 
trated. Fourth Edition. i2mo. Interleaved. Cloth, i.oo 

Ralfe. Kidney Diseases and Urinary Derangements. 43 Illus- 
trations. i2mo. 572 pages. Qoth, 3.75 

Marshall and Smith. On the Urine. The Chemical Analysis ot 
the Urine. Colored Plates. i2mo. Cloth, 1.00 

Memminger. Diagnosis by the Urine. lUus. Qoth, i.oo 

Tyson. On the Urine. A Practical Guide to the Examination 
of Urine. With Cc^ored Plates and Wood Engravings. Eighth 
Edition, Enlarged. i2mo. Cloth, x.50 

Van Niiys, Urine Analysis. Illus. Cloth, x.oo 

VENEREAL DISEASES. 

Hill and Cooper. Student's Manual of Venereal Diseases, 
with Formulae. Fourth Edition. z2mo. Cloth, z.oo 

4V S** P<ig€» t4 andts fcr list 0/ f QniM- Commend* t 



PQUIZ-COMPENDS? 

The Best Compends for Students' Use 
in the Quiz Class, and when Pre- 
paring for Examinations. 

Compiled in accordance with the latest teachings of promu 
nent Lecturers and the most popular Text-books. 

They form a most complete, practical, and exhaustive 
set of manuals, containing information nowhere else col- 
lected in such a condensed, practical shape. Thoroughly 
up to the times in every respect, containing many new 
prescriptions and formul^, and over six hundred illustra- 
tions, many of which have been drawn and engraved 
specially for this series. The authors have had large ex- 
perience as quiz-masters and attaches of colleges, with 
exceptional opportunities for noting the most recent ad- 
vances and methods. 

Cloth, each $x.oo. Interleaved for Notes, $1.25. 

No.x. HUMAN ANATOMY/* Based upon Gray." Fifth 
Enlarged Edition, including Visceral Anatomy, formerly 
published separately, xe Lithograph Plates, New 
Tables, and X17 other Illustrations. By Samuel O. L. 
PoTTBR, M.A., M.D., M.R.c.p. (Lond.), latc A. A. Surgeon U. S. 
Army, Professor of Practice, Cooper Medical CoU^e, San Fran- 
cisco. 

Nos. a and ^ PRACTICE OP MEDICINE. Fifth Edi- 
tion. Bjr Daniel £. Hughes, m.d.. Demonstrator of Clinicad 
Medicine in Jefferson Medical College, Philadelphia. In two parts. 

Part I. — Continued, Eruptive, and Periodical Fevers, Diseases 
of the Stomach, Intestines, Peritoneum, Biliary Passages, Liver, 
Kidneys, etc. (including Tests for Urine), General Diseases, etc. 

Part II. — Diseases of the Respiratory System (including Phy- 
sical Diagnosis), Circulatory System, and Nervous System; Dis- 
eases of the Blood, etc. 

%* These little books can be regarded as a full set of notes upon 
the Practice of Medicine, containing the Synonyms, Definitions, 
Causes, Symptoms, Prognosis, Diagnosis, Treatment, etc., of eacn 
disease, and including a number of prescriptions hitherto unpub- 
lished. 

No. 4. PHYSIOLOGY, including Embrvology. Seventh 
Edition. Hy Albkrt P. Bkubakbk, m.d., Prof, of Physiology, 
Penn'u College of Dental Surgery ; Demonstrator of Physiology 
in Jefferson Medical College, Philadelphia. Revised, Enlarg^, 
with new Illustrations. 

No. 5. OBSTETRICS. Illustrated. Fifth Edition. By 
Hbnrv G. Lanuis, m.d. Edited by Willia.m H. Wells, m.i>.. 
Assistant Demonstrator of Clinical Obstetrics, Jefferson College, 
Philadelphia. New Illustrations. 



BLAKISTON'S ? QUIZ-COMPENDS ? 

No. 6. MATERIA MEDICA, THERAPEUTICS, AND 
PRESCRIPTION WRITING, Fifth Revised Edition. 

With especial Reference to the Physioloeical Action of Drugs, 
and a complete article on Prescription Writing, including many 
unofficinal remedies. By Samuel O. L. Pottsr, m.a., m.d., 
M.R.c.p. (Lond.), late A. A. Surg. U. S. Army ; Prof, of Practice, 
Cooper Medical College, San Francisco. Improved and Enlarged, 
with Index. 

No. 7. QYNJBCOLOGY. A Compend of Diseases of Women. 
By Wm. H. Wblls, m.d., Ass't Demonstrator of Obstetrics, 
Jefferson Medical College, Philadelphia. Illustrated. 

No. 8. DISEASES OP THE EYE AND REFRACTION, 
including Treatment and Sun^ery. By L. Wbbstbr Fox, m.d.. 
Chief Clinical Assistant Ophtnalmological Dept., Jefferson Med- 
ical College, etc., and Gbo. M. Gould, m.d. 71 Illustrations, 39 
Formulae. Second Enlarged and improved Edition. Index. 

No. 9. SURGERY, Minor Surgfery and Bandaging:. Illus. 
trated. Fifth Edition. Including Fractures, Wounds, 
Dislocations, Sprains, Amputations, and other operations; Inflam- 
mation, Suppuration, Ulcers, Syphilis, Tumors, Shock, etc. 
Diseases of the Spine, Ear, Bladder, Testicles, Anus, and 
other Surgical Diseases. By Orvillb HoRwrrz, a.m., m.d.. 
Demonstrator of Surgery. Jefferson Medical Collie. Revisea 
and Enlarged. 98 Formulx and 167 Illustrations. 

No. 10. CHEMISTRY. Inorganic and Organic. For Medical 
and Dental Students. Including Urinary Analysis and Medical 
Chemistry. By Hbnrt Lbppmann. m.d.. Prof of Chemistry in 
Penn'a College of Dental Surgery, Phila. Third Edition, Revised 
and Rewritten, with Index. 

No. zx. PHARMACY. Based upon *' Remington's Text-book 
of Pharmacy." By F. £. Stbwart, m.d., ph.g., Quiz-Master 
at Philadelphia College of Pharmacy. Fourth Edition, Revised. 

No. xa. VETERINARY ANATOMY AND PHYSIOL- 
OGY. 29 Illustrations. By Wm. R. Ballou, m.d.. Prof, of 
Equine Anatomy at N. Y. College of Veterinary Surgeons. 

No. 13. DENTAL PATHOLOGY AND DENTAL MEDI- 
CINE. Containing aU the most noteworthy points of interest 
to the Dental student. Second Edition. By Gko. W. Warrkn, 
D.D.S., Clinical Chief^ Penn'a CoUeee of Dental Surgery, Phila- 
delphia. Second Edition, Enlarged and Illustrated. 

No. 14. DISEASES OF CHILDREN. By Dr. Marcus P. 
Hatpibld, Prof, of Diseases of Children, Chicago Medical 
College. Colored Plate. 

No. 15. GENERAL PATHOLOGY AND MORBID 
ANATOMY. By H. Nkwbrry Hall, m. d., Professor of 
Pathology and Medical Chemistry Post-Graduate School ; Sur- 
geon Emergency Hospital, Chicago, etc. 91 Illustrations. 

Brand la Oloth, |L ZBtirIeft?ed, for thi Addition of ITotis, 11.26. 

Jl^* No series of books are so complete in detail^ concise 
in language^ or so well printed and bound. Each one 
forms a complete set of notes upon the subject under con- 
sideration. 

Illustrated Descriptive Circular Free. 
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A compact, concise Vocabulary, includlnf all 
the Words and Phrases used in medicine, with 
their proper Pronunciation and Definitions. 

"One pleasing feiiurtof ihe book is ihai the reader can ulnioji 
bvAriabiV fiiid Ihe dc^Dlclon under the vord he lookt lor, without 

cw1n%tdic>ldictloiiaiia. The Ublet .^"he bacl1H^^D»cci! 

amouDt of inTonnatioD in a limited space. 'The anatomical tabki 
at« also conciAe and clear. . . . We sliould unheaitatiDglv 
recommend this diclionary to our readers, fccliog aure chat it will 
wove of much value to them." — AattrUaH Jffuntai ^ Mtdisal 

JUST PUBLISHED. 
GOULD'S POCKET DICTIONARY. 12,000 

Medical Words Pronounced and Defined. 
Leatlier, gill edges, fi.oo; wkli Thumb Index, ft-25 
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